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NOTE 


My husband had completed this book three days before his 
sudden death. He would, I know, have wislicd to thank many 
friend) for their help, and this task now falls to me. 

Dr J. J. Richey, of the Geological Survey of Scotland, and 
Dr J. Pringle were most helpful in reading the maiuncript. 
Mr W. N. Edwards, of the Natural History Museum, not 
read the manusaipt, but completed the selection of illustra¬ 
tions. Professor C. B. Tilley was good enough to revise chc 
book in proof. Mrs G. J. Kcrricl: (formerly my liusbajid's 
secretary for many years at Cambridge) kindly undercook to 
prepare a typescript of the work. 

My warmest thanks for the Preface are due to Sir Henry 
Lyons, one of my husband’s oldest and most devoted friends; 
and, lastly, I have to thank the Syndics of the Press, with wliose 
work my husband was long assouaced, for thdr readiness to 
undertake the publication of his last book. 

MARY A. SEWARD 
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PREFACE 


My old friend, Albert Seward, Professor of Bocaiy iathc Uni¬ 
versity of Cambridge from ipo^ to 1936, was also a geologist 
of long and varied experience. He clius became an eminent 
authority on palaeoborany and wrote many learned works on 
the subject. 

In his youth he had spent much of his leisure among the hilb 
and river-valleys of La^aslure and the lake District, collecting 
plant and rock specimens fer study, and so formed the habit of 
careful observadon to be developec by she numerous researches 
which he carried out in the course of a long and busy career. 
The lifelong interest which he found in these field studies sug¬ 
gested to him chat there were probably many who woi^ 
appreciate a clear and simply-worded account of the earth’s 
surface and its phenomena, even though they might never have 
studied geology seriously. It was with this end in view that he 
wrote the present volume, tsbich he had completed just before 
his death. 

1 talked over with him much of the subjcc^•Inatecr of the 
book. What Seward wanted to do was to emphasize the 
attracdon which geology offers to anyone who emoys a walk 
over the countryside, and his vivid memories of 1^ own ob¬ 
servations provided him with a rich harvest of material. 

Assuming only a limited knowledge of geobey in the reader, 
he beguu with a simpb summary ^criWg me earch*a crust 
and its constant changes. He then passes to the remains of 
animals, plants ajid otlier forms of life for many ages embedded 
in the rocks. After this preliminary survey t(ie main purpose 
of the book is preaentetf in the form of a series of Journeys 
through the Brid&h Ubs, so planned as to bring under review 
the geological characters of the various districts. In descnbbg 
the deposits representing successive perbds of the earthe 
history, Seward departs from die usual method and begins with 
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the latest depodeed rocks instead of with the earliest. Thus he 
describes £rsc the condidom which prevailed when primitive 
man was giving place to the more developed human types of 
the Uter Stone Age, who coldvated crops and doinesricaced 
animals. 

The long panorama of the earth*s history, covering hundreds 
of nuUiozu of years, is revealed in descriptions of the terrestrial 
phenomena which characterized different periods—die Glacial 
period, for instance, during which for several hundred tliousand 
years the greater pare of tl^ islands was in the grip of climatic 
conditions such as now prevail in Greenland. These extreme 
conditions gradually came to an end when intervals of milder 
climatic conditions made occupation by man and animals 
possible and characteristic vegetation invaded the country from 
southern Europe. 

Moving ba^ in the scale of time we come to die series of 
deposits formed when the climate was more temperate and the 
arctic conditions of the Glacial period were still in the disrant 
future. While these tertiary rocks, as diey are called, were being 
formed, plants and animals of more temperate and even sub¬ 
tropical regions appeared, and large areas, which were later to 
become land, were submerged beneadi the sea. Wide regions 
were aHected by these great movements of the earth s crust, 
massive deposits were laid down in the ocean areas, and, in later 
ages, mighty foldings of the crust produced the great mountain 
raises oT southern Europe and Asia. 

This widespread submergence of la^ areas had been pre¬ 
ceded by a period when much of the area described enjoyed a 
temperate and even tropical climate while the comparatively 
shallow seas contained a characteristic fauna; these are repre«' 
lented by the rocks in the belt of country lying to the west of 
the Chalk downs and other deporia of Cretaceous age. These, 

S ain, were preceded by a period when conditions were 
tfacteristic of an acid or semi-arid climate when salt lakes and 
desert regions resulted from the meagre rainfall. 

By the combined evidence of the movements of portions of 
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the earth’s crust and of the changes of climate which acconi' 
paiiicd or followed them, a dear picture is formed of the 
eban^ which have taken place on the earth and the effects 
which they have had on. a^iiinal and vegetable life. 

In the noeth and west of England, in southern Scotland and 
exteiuively in Ireland, the history of these pares of the earth is 
to be read in the rocks of what arc known as die Carboniferous 
scries; a large series of deposits formed in the course of about 
a hundred million years as limestones m the open sea, and, later, 
the luxuriaist forest vegetation providing the coal deposits, 
wliich have for years oecn of the greatest service to our 
industries. 

The lustory of sdll earlier rocks has been preserved in Scot¬ 
land, Wales and western England, where large foesh-water 
lakes once received sandy deposits carried into mem by doods 
and rivers from a continent where a semi^ind climate prevailed; 
forthcr soudi an area of warm open sea favoured the tonnation 
of banks of coral, and a rich marine fauna. 

M-my of these earlier rocks have lost the traces of any fauna 
that they may have once contained by the pressure due to earth 
movements, and now form a folded and contorted scries of 
beds which have been worn down to an irregular surface by 
the action of atmosplicric conditions of rain, and snow, heat 
and cold, extending over a vase period of time. 

To the geologist and also to ^ose who have no technical 
knowledge, the evidence of past condidens presented in these 
chapters provides an iuexhausdble fund of mtccesc. It is an 
incroduedon which should encourage many to go more deeply 
into a subject wluch, apart from itsoearings on many branch 
of industry, provides a knowledge of the earliest phases of 
primitive man and of the condidons under which he £rst 
inhabited parts of our earth. 


H. 0. LYONS 
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Introductory: CeoJo^ as a Hobby 

his a comnoaplace saying, though not always a mere repedticm 
of a famtiiac maxim, chat we perform our ordinary duties more 
efficiently and witli less mental strain if we have acquired tlie 
hablc of switching our thought in leisure momencs into chan*> 
nets ocher than chose followed in the daily routine. On retire¬ 
ment many people with no hobby co spread gold-leaf on days 
to come exchange sadifying aedvides for boredom. The im¬ 
portance of culdvadng one or more bobbies in early life is a 
subject frequently chosen by speakers whose search for topics 
appropriate to school speech-days is ape to be long and barren. 
A hobby, to be sads^ing, must demand a certain amount of 
mental effort and should be such as can be progressively pursued 
undl a stage is reached when a desire to know more opens up 
a prospect of work of one’s own in a amall patch of an unlimited 
field, modest in scope yet enthralling enough to produce the 
pleasant feeling of self-fbrgetfulness in research. It is not my 
intendon to compare one hobby with another; my purpose is 
CO draw attention to a branch of natural knowledge diat is too 
often neglected and not infrequently avoided because of dis¬ 
inclination CO Icam a few unfrmiliar technical terms. The science 
of geology, or eardi-history, like any other science, has ie own 
terminology, to which fresh names are constantly bong added 
to fit new discoveries: the difficulty of technical terms is rather 
imaginary than real; Shelley was disposed to chink 

human pride 

1$ skilful CO invent most serious names 

To hide its ignorance. 
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a INTRODUCrORY: GbOtOGV AS A HOBBY 

It may, however, be su^ested riat some of the technical terms 
in common use by ge^c^cs should find a place in the voca¬ 
bulary of all educated people. A hnowledge of geology suffi¬ 
cient to illustrate the possibilities and the ^sdnation of the 
subject can easily be acquired without the trouble of learning 
a new language. All that is needed is ability to observe what 
is happening before our eyes and to apply knowledge gained 
from the present to the interpretation and reconstruction of the 
past. Geology is not one subject but many, and may be described 
as the appliadon of all sciences to a comprehensive and co¬ 
operative invesdgadon of the earth on whidi we live. The 
aims of a geologist are wide and ambitious, he inevitably tends 
to become a spcdalist and concentrates attendon on a few 
branches of the subject. On the other hand, if wc have within 
us the spirit of adventure and the passion of the search, we can 
all learn the act of deciphering some of the pages of Nature’s 
open book. Geology is unfortunately rarely caught in schools 
and young people have little chance of discovering whether or 
not it is likdy to appeal to them. Arguments in &vour of its 
iocToduedon into school curricula were put forward in a British 
Assodarion Report on scientific educadon in iSdy and again in 
two Reports in 193^ and 1937, but the recommendations met 
with only partial success. It is obviously difficult to make 
additions to curricula already over full, and yet if a member of 
the teaching sta^ of a school happened to be interested in the 
subject he could encourage field-work out of school hours and 
co<K)perate with the pupils in culdvadng an ideal hobby. 

Rocks and fossils arc not merely things to collect; they are 
scraps from Nature’s story-book which give us glimpses of 
sdrring events, revoludoiu in the physical world alternating 
with periods of comparative stability, the unfolding of life as 
age succeeds age. Slight acquaintance with the methods of 
geologists and a little knowledge of the subject enable us to see 
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(He world through magic spectacles, to look beneath the sur&ce 
into the depths below and backward &om die present to a past 
inconceivably remote. 

My chief aim is to present a case for the inclusion of an 
inceliigent interest in geology as part of chat intellectual equip¬ 
ment we call general culture, colcure chat has been defined as 
what remains after we have forgotten all we learnt at school. 
Whatever our business in life may be, we can read in (he rocks 
and the fossils they conuin some at least of the blurred and 
fr^mentary pages of a chronicle of the pageant of Nature fir 
transcending human history both in the period it covers and in 
its appeal to the imagination. Among the more vivid recol¬ 
lections of my boyhood are days spent alone looking for fossils 
on the northern shores of Morecambe Bay; it mattered little 
that my knowledge of the things found was extremely meagre; 
the discovery of pebbles on the beach excited my curiosity and 
a desire to know more about the vanished world of which they 
had been a part Having collected specimens well enough 
preserved to be easily recognizable as the remains of creatures 
chat were once alive, it is natural to go a step ^rther: by con¬ 
sulting books and looking at fossils in a museum we can supply 
names and obtain information on the relationship of shells and 
corals to living forms. Thus the pleasure of the search is increased 
and we begin to understand the significance of the dungs found. 

* The descriptions given in the following chapters are not 
intended to serve as an elementary tex^•book; my hope is that 
they may be used es stepping-stones to something higher and 
more scientific. A geologist is no less sensitive chan other 
people to the beauty of a landscape; he sees in surface features 
the work of Nature's sculpturing tools: from rocks exposed in 
cliifi and ravines he is able to follow successive stages in the 
development of the present from the past. To his enjoyment of 
the beauty of a scene is added a deeper sensation that comes 
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from closer contact with the mysteries of Nature and the epic 
of cccation. After enjoying to the full a view suddenly revealed 
93 the mouatain top is reached* a geologist with mind prepared 
by what he has learnt of earth’s story can hardly repress a desire 
to look backward to earlier scenes. He sees in unagination the 
same pact of the land chat is now called England as it was before 
the hills had been upliftedt the real land becomes a land of 
dreams; time is put back miliiojis of years. Hills and valleys 
give place to a glistening expanse of blue sea. As a less remote 
past conies into view dark domes of rock heave uico sight above 
the face of water and by degrees the new-born land grows 
higher; sea is replaced by ranges of hills that in the coucee of 
ages rise to heights far exceeding those of the acciial present. 
Torrents of turbid water scoop out deep gullies in die mountain 
flanks; avalanches tear away rocks, and showen of stones riven 
fbam crags by recucing &osa co-operate in the wholesale 
destruction. * Every valley diall be exalted, every mountain 

and hill shall be made low’, ‘He turned the sea into dry land' 
are more dian poetic imagery. Mountains of to-day arc relics of 
lof^alps which in a previous age rose from the ocean-bed where 
their foundations were laid by long-continued outpourings 
of submarine lava and showers of volcanic ash or by dtc accu¬ 
mulation of gravel, sand, and mud carried by riven from a 
neighbouring continent. A slight knowledge of earth-hUtory 
adds enormously to the enjoyment of scenery: the contours of 
hills—smooth slopes and Jagged peaks, wild moorland and 
fertile plain—acquire a deeper meaning when we think of them 
as the expression of natural forces acting upon various kinds of 
rock of which the sur^ of the land is made. All of us have 
memories of scenes and places which live in the light of the 
morning star of memory. One such memory of early days is 
Easedale Tam within a short climb &om Grasmere, an undis¬ 
tinguished yet impressive and solemn patch of water in a rocky 
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cup below the Palaeozoic cliffs of Lakeland, which seems to see 
back the clock, carrying our thoughts far across the ages to 
scenes made visible by our imaginings, sdmulaced by Cuming 
over cbe pages of Nature's manuscripts. Among ^e plants 
coveted by chc water near die edge of the cam grows die 
quillwort (iMtes), an unfamiliar and litdc regarded plant with 
a tuft of green spiky leaves borne on a smali stumpy stem, a 
distant relation of die more funiliar club-moss {Lyecpwilum ): 
diis plant of mountaui cams is in liamiony widi die spirit of 
its environment; it is a symbol of coudnuity, one of the oldest 
relics in chc vegetable l^gdom, a diminucivc descendant of 
greater and more complex forbears which lived in forests of 
an age separated from eke present by at least joo million years. 

The andenc Egyptians pictured the cartli as chc door of die 
universe. In chc Middle Ages men began Co think of the workl 
as older tlian was commonly believed and laid themselves open 
CO the cha^ of heresy. For a long time, and largely as a con¬ 
cession CO the literal acceptance of the Hebrew story of Creadon, 
Noah’s flood was quoted as a satisfying explanatioii of the 
occurrence in unexpected places of animals and plants embedded 
in rock. Belief in a universal deluge persisted uncil the middle 
of the nineteenth century; but as always there were a few men 
who had a clearer vision, and among them due universal genius, 
Leonardo da Vinci (1452-1519), who saw in fossil sliells pre¬ 
served In rocks fu above sea-level proof of osdlladons of land 
and sea. Tlie presence of sea-shclis in rocks hundreds of feet 
above the present level of che sea has often been a cause of 
popular misconception. One hears people say, when told chat 
chalk, for example, was formed on the floor of an ocean, ’Thcji 
there jhusc have been water over die downland'. They think 
of che hills as cverlascing and £xed, and fail to realize that we 
live on an unstable and mobile earth; the rock chat we call clialk 
was raised from che bed of che Cretaceous sea hi che course of 
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one of many foldings and upliftings of the earth's crust. A great 
advance was nude rather more chan a ccjicury ago when 
Sir Charles Lycli published a book entitled JPrweipUs of Geology 
in which he dev^ped the thesis that the present is the key to 
the past. He showed that there is no need to have recourse to 
universal floods, catastrophes which wrecked the earth's surface, 
and other miraculous events; his contention was that the forces 
now moulding the earth’s face—water, frost, and wind, vol- 
canic accvicy, and earthquakes—have always been operative as 
they axe to-day. Their efl^ts to our restricted vision seem hope- 
lessly inadequate, but wlien millions of yean are substituted for 
centuries we are able to appreciate their potency. Condnuicy 
and not sudden and devastating cataclysms is the doctrine 
preached by Lyell. Through the long course of geological 
history there have been zones of climate, ddal movements of 
water, drculadon of the air, sunshine and rain; there has been 
little change in the nacuK and working of the world’s machinery; 
on the other hand, there has undoubtedly been a wide range in 
d)e intensity of physical forces and in the evoluden of the living 
world. 

There is no clearly defined line between geology and geo¬ 
graphy: a geographer is not only interested in the sur&cc of 
the earth as he secs it; he is also interested in the origin of 
physical features and the part played by air and water In 
fashioning the rocb into their present shapes. He leaves to the 
geologiic the history of plants and animals recorded in the rocks. 
The geologise endeavours to envisage the distribution of land 
and sea and to construct geographical maps representing different 
stages in die evoluden of the world. He, unlike the geographer, 
is not primarily interested in the earth's surflice as a stage on 
which men play their parts; his aim is to follow the kaleido¬ 
scopic pattern imperfectly imprinted upon the rocks which are 
the sources available to the historian of vanished lands and seas. 
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The pare played by man i$ an example of ajiocher di^rence 
between geologists and geographers. The human race is one of 
che more recent produces of evolution; though we cannot 
assign a date to the bicdi of man, we know tint he is but a 
creature of yesterday in comparison with'the whole span of 
geological history. For che most pact geological history is 
confined to ages preceding by liundx^s of millions of years the 
earliest traces of animals worthy to be called ancestors of crea¬ 
tures nude in the likeness of man, A world without man 
connotes more chan we can imagine without a supreme eiifbct: 
we inevitably dunk of the world in relation to man’s welfare, 
as his playground* his workshop, his bactlefcld. We are apt to 
forget diat die heritage he enjoys was not made for him alone; 
beauty is eternal and an attribute of Nature old as creation. 
The beauty of Nature in the past can be recaptured only in 
imagmadon. It b certain chat the sun, moon, and stars, wind 
and cloud, rain and storm, the music of the sea, rainbow- 
coloured mists, colour in the dead as in the livii^ world, have 
persisted through che ages. There are few people who arc not 
consciously or unconsciously Influenced by natural beauty: che 
sun slowly sinking behind che edge of che sea; che etliereal 
delicacy of die greenish blue sky streaked with bands of a red 
brilliance; a panorama of mounuin peaks; che glory of woods 
in autumn. £ach of us can recall scenes on land and on sea that 
have stirred our hearts, raising us to a higher plane, setting in 
motion vibradons which seem to be an expression of a force 
that is not of this world, a mysterious influence bringuig us 
nearer to che eternal values. We experience an exalcadon, i 
sense of being pcrmitced to have a glimpse of che masterpieces 
of Creadon. It is this sense of approach co the iniimee ^at is 
awakened when we are able to follow the working of a creadve 
force chat has operated ever since the world began. The privilege 
of being able to make contact with the past gives us something 
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more than mere sansfying of curiosity; it gives us 2 keen per¬ 
ception of the Creator's methods. As we interpret the hiero¬ 
glyphs written by Nature we gain not only intellectual but also 
spiritual refi^hment. TThe more wc know of the liUtory of die 
earth the more we marvel the more deeply we feel dw inade¬ 
quacy of a conception of the universe as the soulless product of 
physical and chemical processes ibreuicous and uncontrolled. 

Many people think of the face of the earth as a face in repose 
and» if freed from man's intcrfcrencci almost changeless. The 
geologist sees in the rocks of wliich the earth's surface is made 
marks of ancestral characters which speak to him of changing 
landscapes and of the march of events through countless ages. 
Before setting out on our Journey along tlie corridors of time 
we shall do well to accustom ourselves to the habit of dunking 
in teems not only of thousands but of millions of years; we must 
get away from the hampering inBuence of the dme-standards 
of human history. Features of the earth*s sur^ce to us 

^om childhood seem to be emblems of permanence. We see 
in them examples of Nature’s enduring monuments in conaast 
to the npidly shifting scenes in human history. It is essential 
CO remember chat the infimcely small becomes amazingly large 
wheu tune is reckoned on die generous scale permitted to 
geologists. Destructive and comcructivc operations act slowly 
and gradually, and on a superBcial view results are scarcely 
noticeable. i£, on the other hand, a measure is taken of the 
almost imperceptible eBeccs of rain and frost, and if wc think 
in terms of thousands of years, the enormous power of these 
agents becomes appareut. 

In his most fascinating book, 77 ie Mirrar of the Sts, Conrad 
lets us share with him thoughts on the age of the earth as he 
contemplated ^e ocean during a watch on the bridge of a ship: 
'If you would know the age of the earth, look upon the sea in 
a storm. The greyness of the whole immense aur&ce, the wind 
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furrows upon the faces of the waves, the great mass of foam, 
tossed about and waving, like matccd white locks, give the «a 
in a gale an appearance of boaiy age, lustreless, dull, without 
gleams, as chough it had been created before night itself/ One 
may aUo draw a comparison between the ocean lashed by a 
gale—a nevet-to-bc-forgotten sight-^d rocks under the in- 
l^uence of titanic forces operating clirough die earth*s crust 
during one of the recurrent storms that left dieir impress on 
the rocks. Waves in a moderate breeze form scries of regular, 
rounded arches and crouglu: similarly layers of rock have been 
pressed by lateral forces into regular corrugations. Under the 
propelling nilglic of a gale the arched waves arc impelled for¬ 
ward until dicir backs, exposed to die storm, curve in great 
curving folds aJtd downward sweeps, the arches axe ovcrfclded. 
As wc sliall see later, in intcusely folded regions rocks behaved 
as though they were fluid as water, arched folds were bent over 
until they became overfolds and recumbent folds. 

Anyone, other than a geologist, to whom a fossil is shown, 
usually asks—how old is it? Many attempts have been made 
to supply an answer to this very natural enquiry; some were 
based on data obtained by measuring the race of processes now 
in operation. It has been said chat cur island is being worn away 
at the rate of one foot in 3000 years, an estimate wliich enables 
os CO make a guess how long it would cake to reduce the whole 
country approximately to sea-level. But we know chat in the 
course of ages the levelling of mountains, which lus repeatedly 
occurred, is followed by fresh upheavals and the building of 
new ranges of liiUs. Geological time cannot be measured with 
precision by methods such as this. Anodter method of attacking 
the problem was adopted by Lord iCelvin rather more 
seventy years ago. Tlie earth was once part of the sun and when 
it began its existence as a separate endty, at first gaseous and 
molten and later cool enough for rocks to crystallize on the 
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surface, aji internal store of heat remained as a legacy from its 
torrid parent. This store would gradually and steadily diminish 
as heat escaped by radiation, into space. Starting from diis 
assumpdoo, Lord Kelvin calculated how long it would uke 
for a molten ball the sire of the earth to lose an amount of heat 
represented by the diiTerence between the ordinal and the 
present temperature. The conclusion readied was that the earth's 
age is 100 million years; this he alter wards reduced to a much 
more modest estimate. There was no reason to suppose, and, 
indeed, it would have been contrary to experience to suppose, 
that any iresh accession of lieat could be obtained from the 
earth's substance. The discoveries of one age often invalidate 
those of a previous age: a striking iUuscradon of tills is fumislied 
by the discovery of X-rays and radioaedvity, whidi, as we shall 
see, demonstrated the fallacy of Lord Kelvin*s methods. As 
Professor Joly of Dublin said: *We are dwellers upon a world 
in the surface materia] of which there exists an all but inex- 
hausdble source of heat’ In i8p5 Profbsor Ron^en of Wuitr- 
burg was experimenting in his laboratory on elecoic sparks 
passing throu gh a tube &om which the air had been removed: 
wishing to cut light irom the sparks he covered the tube 
with opa^^ue material, but he nodeed that some kind of radia- 
don still came from the tube and affected pliotographic pbtes 
in the neighbourhood. This was the £r8t important step towards 
the discovery of X-rays. A year later Professor Becqucrel of 
Paris found ^at tays hke those detected by Rontgen were given 
off by the element uranium. This was the beginuing of the 
science of radioaedvity. In 189S Madame Curie isolated from 
pitchblende a new element, radium. Uranium and anodier 
heavy element, thorium, which occur in mhiucc quantity in 
many rocks, possess the extraordinary property of continually 
breaking down into other elements, one of which is radium. 
The name 'element' was formerly given to diilcrenc kinds ol 
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matter which it was held could not be broken up into anything 
unlike themselves: uranium and thorium are exceptions to this 
rule. Radioactive substances, which are traceable to the two 
elements uranium and thorium, constantly disintegrate; they 
break down into other substances and their disintegration is 
accompanied by liberation of energy in the form of heat. 
Radium is continuously giving out heat, and the source of most 
of this liberated energy can be traced to the high velocity of 
expelled atoms of a gas. helium. Tltc element into which radium 
is transformed by loss of a helium atom and part of its latent 
store of energy, undergoes furelicr disintegration and eventually 
a stable end-product is formed which is a special kind of lead, 
known as urajiium-lcad; being stable it accumulates in rocks 
where it was formed. Lord Rayleigh found chat radioactive 
substances are widely distributed in rocks. By calculating the 
amount of uranium and uranium-lead in samples of rocks of 
dilfcrenc ages he obtained data Rom which It was possible to 
esdmacc the age of a rock in years. The race of produedon-of 
lead from uranium is known: i million grammes of uranium 
give rise to 1/7500 of a gramme of lead every year, and it is 
imporcanc to note that the behaviour of radioaedve substances 
is not affected by physical or chemical conditions. Hence 
Professor Holmes, in his book The Age of the Earth, was able 
to write: * Certain radioactive minerals—more predous chan 
gold—arc literally natural chronometers registering dme within 
themselves and revealing the passage of hundreds of millions of 
years since the dme they first took form as part of the rocks 
and mineral veins in which they occur.’ The age of the oldest 
known rocks is at least 2000 million years, and it is reasonable 
to assume a still greater andquicy for the actual fbundadou* 
scones of the earth’s crust. The present method of measuring 
geological time has multiplied Lord Kelvin’s tstinute more than 
a hundredfold. It is now possible not only to refer rocks to 
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tbdr relative age, that is, to assign them to a partirular geological 
period, bat to speak of their age in cerzns of yean. 

Geology coven a wide £eld embracing the rocb and fossils 
of the whole world: geologises endeavour to unravel the life- 
history of the earth since it ceased to be gaseous and molten 
and to follow the unfolding of life from one epoch to another; 
they take over the youth^ earth from the astronomers, and 


MtpUlMAOf 


fr—M* burt««* 

CiubonVEmu* 




Upyw 


1 









Lou>«r 

2000 


Cumbrian 

Or^nalCfiut 


Di»gnm of (he age of cbe earth 

in decipheru^ the lacee suges of earth-history they seek die 
assisunce of archaeologists who in turn give place to students 
of written history. How, it may be asked, is it possible in a few 
short chapters to convey an adequate idea of the science of 
geology ? All that is attempted is an introduction to mecliods 
of geological enquiry illustrated by descriptions of a few scenes 
(tom the past reconstructed from rocks and fossils. We who 
live in the present can watch the building of rocks in seas and 
on land; we can often discover whence came the material of 
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which rocks are made; we can scudy living animals and plants. 
It needs bur a little geological knowledge to live also in the 
past and to iind there a new meaning and an enormously en¬ 
hanced enjoyment of the present. Thomas Carlyle in Sartor 
Resartus cynically remarked: 'It has come about chat now to 
many a Royal Society the creation of die world is little more 
mysterious than the cooHng of a dumpling/ In the early suges 
of knowledge problems seem to be relatively simple; but as 
wisdom follows, die mystery deepens. Contributions to geo¬ 
logical science irince Carlyle's day liave not solved the problem 
of creation; the corner of the veil hiding the inner courts of 
knowledge has been li^d ever so slightly. As we travel a little 
^rtlier along die padi of adventure we are confroaced with scili 
more problems, many of which will never be solved. None 
the less, with such knowledge as is wlthiii our reach. 

We bok at all things as they are 

But diruugh a kind of glory. 

As more of Nature’s secrets are revealed 'Bcemity and infinity 
lose part of dieir strangeness’. 



CHAPTER n 


Earth's Story-book 

A student of human history endeavours to put himself into the 
position of ft speccftcor of events that happened centuries ago; 
in order to see them u chough they were uking place before 
his eyes lie consulu contemporary records, biographies and 
odier sources from which to bring to life the actors and envisage 
t\iC environment HUcorians whose aim is to describe conditions 
of life and the habits of people in days when man had not 
reached the threshold of dvilizadon search for evidence of 
another kind; they collect flint implements* bronze weapons 
and ornaments and, when possible* human skeletons. Idghc 
may be thrown upon conditions of life by the discovery of old 
settlements and primitive dwellii^ where shells and bones in 
refuse heaps indicate the nanire of the food supply and of the 
animals contemporary wifli man. The earlier stages of human 
history known as pre-history are reconstructed not only from 
objects found in places where they were left by man, but in 
places where they were strewn all too prodigaUy by Nature s 
hand. Here then we have a period transitional between human 
and geological history. The student of earth-history makes use 
of sources provided by Nature; like the authors of ancient, 
mediaeval, and modem histories, he finds it convenient to adopt 
distinguishing names for periods characterized by outstanding 
events or marking phases in development. The sources from 
which geol<^icaI history is compiled are necessarily very incom¬ 
plete and often fragmentary and yet they give us glimpses of 
days in a world that knew not man. 

It is customary to speak of the solid framework of the world 
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within reach of investigation as the earth's crust, a convenient 
name suggested by the analogy of the solid crust which forms 
over a cooling molten mass. Tiie crust of the eartli consists not 
only of rocks visible at the surface but also of rocks hidden from 
view. As will be shown later, it is often possible by nodng the 
relarive positions of different layers of rock and their angles of 
inelinadoR to form a general idea of cheic continuation down¬ 
wards. Borings also cell us mudi of the composition of the 
cruse at depths of a mile or more. In general terms the ctusc 
includes die rocks of which continents are built as well as those 
underlying the ocein-Hoors. What do we knowof the inaccessible 
and deeper parts of tlie eartli? It was formerly believed that 
the interior is molten, a view apparently supported by the &ct 
that lava, which is molten rock, is poured out over the surface 
during volcanic eruptions. Many people now believe that the 
earth is solid to the core; another recent view is that the core 
is liquid. A solid earth would seem to be inconsistent with 
recurrent outpourings of lava, but it docs not necessarily follow 
that lava comes from a subterranean source where the rocks 
axe always molten. When a solid passes into the liquid state its 
paxtides are forced Tardier apart under the expanding influence 
of heat; they move more freely; if pressure is applied to the 
surface of a solid that is not free to move laterally and is forcibly 
confined on all sides a much higher temperature is required to 
alter the posldon of the pardcles and so it The greater the 
weight of the load rhe greater will be the amount of beat 
necessary to liquefy the rock and convert a solid into a liquid 
or a plasdc rnass. Hocks deep below the surface may be sobd 
even though the temperature is hr above the melong^pornt of 
the same rocks under a lower pressure. Forces of compreshon 
and tension are constandy acting upon the earth’s crust; rocks 
are exposed to strains which from time to time become too 
great CO be withsrood and the solid ground cracks and splits 
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•with the formation of rife and fissures. ThU obviously relieves 
the pressure; rocb diac were solid become plastic and mclc, and 
as die water imprisoned within tliem flashes into steam the 
semi«’liquid material is forced upwards towards the surface and 
aomc flows over the ground as lava. Drops of Uquid unprisoiied 
in cavities in a crystal are relics of condensed vapour within the 
originally molten mass. In several parts of the world many 
thousand of square miles are covered by sheets of lava which 
at various times were forced upwards from subterranean reset* 
voire and spread as devasuting floods over the surface. These 
rocks of deep*seaCed or^in arc relatively dense: there is reason 
to believe that more deeply seated rocks arc denser soil. The 
earth as a whole weighs more chan five and a half times a globe 
of water of equal sixe: the crust is only two and a half dmes aa 
heavy as an equal bulk of water. It is therefore obvious that 
the interior must greatly exceed in density the outer layers. 
Meteorites, the balls of fee mentioned in the Psalms, which 
often consist mainly of nickel and iron, are samples of the 
composition of extra-terrestrial bodies and may afford a due 
to the nature of the heavy material at or near the earth’s core. 
Another clue is furnished by the rate of travel of earthquake 
waves, which is conditioned by the nature of the cocks traversed. 
We cannot probe fu below the surfoce, even in the deepest 
borf. but as was said by one of the earlier writccs on earth 
structure more than a century ago: ’ Men can see much farther 
into the interior of the globe than they are aware of’; he goes 
on to say that geologists are blamed without reason for tlico- 
riang on the earth’s interior when all they can do is to make a 
few scratches on the surfiute. 

Among foe most spectacular results of geological research is 
foe certain knowledge that the distribudon of land-areas and 
oceans has varied within wide limits in the course of ages. One 
of the many aims of geologists is to draw maps of foe world 
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li it was at different periods, most of wliidi bear little resem¬ 
blance to those with wliich we arc familiar in modem atlases. 
The data on whicli sucli maps arc conarucccd arc necessarily 
too incomplete to provide infonnaDon for more than tentative 
recorutrjctions wliich reflect diJfcring opinions of authors. 
Rocks containing marine fossils arc guides to the plotting of 
former seas; others chat furnish evidence ofsliallow-watcr and 
shore conditions or of actual land-surfaces are aids to die posi¬ 
tion of cominent’i, Lands now far apart and separated by com¬ 
paratively dcc(> .<en$ .ire incorporated into a sitigle continent. 
Assuming that there i^ valid evidence in support of taking 
liberties with the afrnngcineiiC of land and water, a natural 
question to ask is—how can the cjiatiging geographies be 
explained? let us take two examples: it is generally agreed 
that Grccnlatid was once united to western Europe and that 
Souch America and the soudicrn half of Africa were citlicr 
joined together or at least lay very close to one another. There 
are two possibilities: one is that th^ land-masses were formerly 
united by a connecting bridge, either broad or narrow. This old 
land-coimcxioj] foundered and sank below tire sea, a supposi¬ 
tion in some insuuccs supported by ocean soundiiigs revealing 
submerged ridges. But many examples miglit be quoted of 
land-bridges postulated by geologists which have Uft no trace; 
all that can be said by diose who believe in them is simply tliac 
they were, and now are not; they foundered. Belief in the 
former union of continents now sundered by oceans is based 
partly on the striking similarity of rocks and fossils in the two 
widely separated regiom, partly also on many faces furnished 
by a study of the geographical distribution of living animals 
and planes. Certain land animals, either specifically identical or 
closely related, are known to occur in continents now too far 
apart to admit of migration or transport across a barrier of sea. 
Similarly, even admitting that fruits and seeds can be carried 
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long distances by wind, by birds, or by floating wood without 
losing their vitality, such means of transport are in many 
instances inadequate as an explanation of the occurrence of the 
same kinds of trees and herbs in regions separated by broad 
oceans. The subject of geographical distribution of animals and 
plants, like many otlurs not striedy geological, cannot be 
ignored by students of eard^history as it is their business to 
make use of all sources of natural knowledge which contribute 
CO a better understanding of the present in relation to die past. 
Darwin spoke of diat * noble subject' geographical distribution, 
which plays a prominent part in the presentation of the case for 
evolution in the Ofi^in of Spocies: its importance is dear if we 
accept Darwin’s view expressed In the following passage: ‘It is 
also obvious that the individuals of the same species, though 
now inhabidng distant and isolated regions, must have pro* 
ceeded firom one spot where their parents were iint produced.' 
He goes on to say: ’The simphdty of the view that each species 
was £nt produced within a single region capdvates the mind. 
He who rejects u, r^ects the vora causa of ordinary generation 
with subsequent migration, and calls in the agency of a miracle.* 
The subject of geographical distribution is meiidoncd here 
simply because it raises many problems which are Insoluble 
unless we can employ information gained from the rocks, thus 
helping us to visualire the relation of land to sea in former ages 
in its bearing upon the all-important question of migration 
routes along which dispersal of animals and plants may have 
been efieete^ The past is the key to the present. Former land- 
connexions have been a fruitful source of controversy and acute 
difierences of opinion; the main point is that there must have 
been either actual land-bridges or at least chains of islands as 
stepping-stones between contincDts now separated by im¬ 
passable barriers of water. 

The second possibility—an alternative to the disappearance 
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of fonncr connecting bridges—is one which was revived in a 
new form and with new arguments not niaj>y years ago by the 
late Professor Wcgwjcr, wJiose tragic death in Greenland de¬ 
prived science of an able and courageous investigator. Wegener’s 
hypothesis, as it is usually called, provides another and very 
different explanation of widespread changes in the relative 
positions of l.in<l and sea winch appear to be demanded by 
evidence furnished by die rocks and by the distribution, both 
now and in the past, of animals and plants. Briefly stared, this 
second nlcsTiiacivc is based on the supposition tliat the continental 
areas of ilic w<irld i)avc shifted dicir positions by moving 
laterally: there has hxn, so Wegener believed, drifting of con¬ 
tinents just in icebergs arc passively carried by ocean currents. 
Oceans and continents are regarded as fundaincmally distinct; 
that is to say, the floor of the oceans is not amply a concimiation 
downwards <if die continental rocks of the land, but consists of 
1 different layer heavier than that of the land-areas. Wegener 
esrimaced the thickness of the rocks of which continents arc 
built at approximately 6 o miles, ajid lie described this layer as 
floating on a lower layer of the earth’s crust frojn which the 
upper and liglucr layer projects to a height of rather more dian 
3 miles, lie also believed that die heavier layer extends under 
the ocean-floors. The relarively light rocks composing the 
continenn do not form a layer of uniform thickueis; in sonic 
places, e.g. where high mountain ranges occur, the upper and 
ligliter part of die crust is thicker and suiks lower into the 
heavier layer below. It is generally agreed that up to this point 
the hypothesis expresses the true stare of aflairs, namely die 
rwofeld nature of the crust, an upper, lighter layer made of the 
roeb we see on the earth’s surface and a lower, lieavier layer 
consisting of rocks known as basalt which are practically 
identical with the majority of lavas erupted from volcanoes 
now and in former ages. It is this basaltic layer on wliicK the 
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oceans rest. Basalt is the rock of which the Giants’ Causeway 
in northern Ireland is made; it also plays a la^e part in the 
construction of many of the Inner Hebrides. We come now to 
a more controversial aspect of the Wegener hypothesis. 

A glance at a map of the Souchem Hemisphere shows a fairly 
close correspondence in outline between the coast of Brazil and 
the west coast of Africa on the opposite side of the South 
Atlantic Ocean. Similar correspondences have been observed 
in other countries that are now ^ apart. Ac the present time 
the condncjits, with their submerged margins projecting as 
shelves covered by shallow water between the shore-lines and 
the ocean deeps, occupy only one-^hird of the earth’s surface: 
Wegener supposed iliat originally the material of which die 
continents consist was spread as a thin film over a large con¬ 
tinuous area of the eaAh’s sur&ce. As this film concractcd In 
the course of millions of years great rifis were formed in it and 
as they slowly increased in breadth blocks of the ruptured 
sur^e-rocks drifted ^rther apart as slabs floating in the heavier 
and senii-plasdc basalt that lay beneath. Hie upper portion of 
the crust was not only broken up into separate blocks but the 
detached areas were reduced in superficial area by compression 
and folding of the rocks- Wegener envisaged the primaeval 
land as a board before it is cut into pieces of a jig-saw puzzle. 
When the severed pieces are moved apart along a flat surface 
they are created as he supposed the slabs of a dismembered con¬ 
tinent were treated by natural forces (Fig. i). One of the weak 
points in Wegener’s hypothesis is that no satisfactory answer 
has so far been given to the question—what was the nature and 
the manner of operation of the forces ? Wegener deed as an 
argument in flavour of dhftu^ condnencs discrepancies between 
observations on longitude made at certain localities in Green¬ 
land on three occasions. In 1623 measurements were made on 
Sabine Island off die ease coast of northern Greenland; in 1670 
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Fig. I. Recoostxuedotts of the map of the wcrid fiv ihne periods 
according to Wegeser’s bypo^esis. 
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at a place al>out loo yatds ^rtlier ease; and in 1907 a third series 
it a place farther north. Comparison of die results seemed to 
show that the distance of Greenland from Europe had pro¬ 
gressively increased at a rate of approximately 9 metres a year 
between 1S23 and 1870 and 32 metres a year between 187O and 
1907. There is, however, no doubt that these csdimces arc 
untrustworthy because the measurements were not made with 
a prednon chac is possible only when refined methods are 
empbyed; moreover^ they were not made at the same locality. 
In 1927 and 193d measurements were made under much more 
scientific conditions by members of else DaaisJi Geodetic Insti¬ 
tute with a modern transit insrrument and from the same pillar 
on the west coast of Greenland. Tlie results wore identical. It 
must, thcrefoK, be admirted that as yet proof in support of 
drifemg continents is lacking. On the other liand, Wegener’s 
hypothesis, or some modificadon of ic. need not be entirely 
abandoned. It is possible that in the future decisive evidence 
may be forthcoming. The conception of drifting continents is 
attractive and tempts some of us to indulge in wishful thinking 
because it would help towards the solution of mauy problems 
such as the remarkable correspondence between continents now 
far apart and certain very baMing facts of geographical distri¬ 
bution ofanimalsindplanu both at die present day and in times 
pan. My excuse for mentioning a subject much too dilfIcuU 
and controversial to be discussed more fully in a book intended 
for the general reader is that it may serve as an example of a 
speculative enquiry into a branch of geological history distantly 
related to geology as the science is usually understood, and it 
may also awaken an interest in a theoretical question which has 
been frequently debated in recent years. 

One of the pioneen of the mo^m science of geology said 
that geological evidence affords ‘no trace of a beginning, no 
prospect of an end'. Astronomers tell us that the earth b^n 
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Ics separate existence as a gaseous, molten globe detached &om 
the parent sun; in the course of its early life-history as an 
independent entity the surface solidified and the youthful eartli 
entered upon the first phase of its geological career at a dmc 
separated from the present by 1500 or 2000 million years, 1$ it 
possible to recognize in the rocks relics of the original crust, to 
answer the question—* Wliereupon were the foundations thereof 
fastened*? It has not 10 far been possible to discover the 
primaeval foundaiion-stones: tlie first products of crystalliza¬ 
tion of the inolttij) material probably sank bciicath die actual 
surface and it was not until later cliat a crust was produced in 
pen (1 anen c form. Furdicr rcicrence is made to die oldest known 
rocks in a later chapter. 

It is obvious that the rocks accessible to us cannot all he of the 
same age; ever since the earth’s crust was formed there have 
been in ceaseless operation two processes: the wearing away 
of die surface hy rain, frost, and other eroding agents, and 
concurrently, the piling up of the products of desecuedon— 
sand, mud, and the like—as well as the accumulation in seas, 
lakes, and oceans of myriads of shells and other remains of 
animals and plants. There has been rock-destruction and rock- 
build iug tlirough the ages. The crust of the earth is made of 
layers of rocks of many kinds arid if there had been no move¬ 
ment and dislocadoii of the surface, throwing rocks into con¬ 
fusion, the layers would form a regular scries like so many 
sheets of paper or courses of masonry; it would be a simple 
matter to draw up a table showing their relative ages. But ^is 
is far from reality. It lias, however, been possible with the help 
of fossib and various other guides to assign the component parts 
of the crust to diiFcccnt periods of geological history, the age 
and duration of which can now be estimated with a closer 
approximation to the truth than was formerly possible. The 
Tocb of fach period are distinguished by special names, some 
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denoting districts in the British Isles or on the Conanent, wjicrc 
knowledge of certaiir scries of rocks was first gained, such as 
Cambrian from Cambria, the old name of Wales; Ordovician 
from the home of the Ordovices. a Britisli tribe; Silurian from 
Silures, anodier British tribe on the English-Welsh border; 
Junssic from (he Jura Mounrains on the western border of 
Switzerland. Other names were adopted because of die occur¬ 
rence of well-defined and easily recognisable rocks sue); as Cre¬ 
taceous from the Latin word for chalk, crere, Carboniferous from 
coal, which is mainly carbon. These and other names should 
be committed to memory, and their relative position in the 
geological table (p. 26), in order that descriptions ofthc periods in 
the following chapters may be more easily followed. Geological 
history is conveniendy divided into major subdivisions called 
eras, and smaller subdivisions known as periods; die latter arc 
again subdivided but it is not necessary for present purposes to 
remember the names. The names of riic major groups or eras— 
Palaeozoic, Mesozoic, and Camozoic (often called Tertiary)— 
are from Greek words meaning ancient, middle, and new or 
recent life and have reference to stages in die'evolution of 
animals and plants from die earliest period at which recognizable 
fossils occur in die rocks. In the oldest rocks jio fossils liavc licvn 
found: there was a time when the world was wichouc life bur 
at what stage in rhe history of the earth the first germ ot* life 
appeared we shall never know. In certain parts of the Briddi 
1 ^. especially in die North-Wesr Highlands of Scodand and 
in many regions rhroughoue the world, there are (Kousands of 
fret of rocks of different Iduds in which no urisfactory traces 
of animals and plants have been discovered; diesc rocks arc 
most conveniendy grouped together as belonging to the pre- 
Cambrian era, and rhe oldest of diem arc often spoken of as 
Archaean. The term pre-Cambrian simply means that all the 
rocks so named ace older chan the lowest and oldest members 
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of rlic Palaenzoic era. As we shall see laccr, despite the fact that 
pre-Cainbrian rocks have so far yielded only problcoiadcal 
fossils, tlrcrc can be no doubt that tlicrc was life on the earth 
long before tire end of chat era. It is ccrcain that the duration 
in time of the pre-CarnWian era was longer chan all suo- 
cecdiiig eras put together and must be reckoned in many 
hundreds of nnllions of years, 

Hiv grouping of ri^cks according to their relative age and on 
a sciei;(iiic basis was a most iinportaiu step in the progress of 
geology: credit for this inuit he given to an hngllihxnan, 
William Smith s<m of a blacksmith and assistant 

to a surveyor at Stow<^n-chc-Wold, Glouccscenhirc. Di^ 
coverics made in the course of Ins duties as an engineer and 
surveyor in the country near hath earned for him the title ‘the 
Father of nnghsh (Ecologylie noticed that the rocks which 
lie examined contained many fossil sliclU and chat different 
seines of rocks were characterized by differenr suites of fossils. 
This led liim to the important conclusion that rocks occur in 
a regular and constant order of superposition and can be recog¬ 
nized by the fossils clicy contain. He subsequently extended 
his obscrvalioUK to other parts of England and found that 
deductions made from facts noted in one area applied equally 
to oclicr areas. In iK! 5 Smirh published the first geological map 
of England and Wales. 

Tlic Instory of the earth can newr he writren as a complete 
and continuous narrative: the sources arc lanwntably incom¬ 
plete; in the course of recurring disturbances m the crust rocks 
have been made niid imnudc, end die records of life have been 
partially or completely destroyed. Our first cask is to classify 
Nature’s tablets as we arrange written records in the order of 
clieic antiquity before attempting to compile from them as 
connected a story as po,ssible. The two principal criteria em¬ 
ployed in fixing the age of rocks arc (i) tlie order of their 
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an^gtmcnt as strata or layers of the crust, (ii) the nature of 
the fossils they contain. Tlie first of these is not invariably a 
trustworthy guide: though it is usually lafc to assume that if 
we £nd series of beds lying one over die ocher the lowest is 
the oldest and dae uppermost tite youngest, there are some 
notable exceptions. A remarkable example of inversion of the 
original order of superposition is described in a later chapter 
in dte account of rocks in the North-West Higldands of 
land. There are, moreover, many rocks chat are wholly or in 
pact barren, liaving no recogniaable fossils and therefore giving 
no elue to the nature of the animals and plants in existence when 
they were formed; but these and odicr difficulties are seldom 

GEOLOGICAL TABLE 
Eras Pfriods 

CAINOZOIC (induding PleUtocent) 

iTertiary 
Cretaceous 

MBSOZOZC Jurassic 

Triassic* 

Permian* 

Carboniferous 

Devoniaji (including Old Red Sand- 
PALA£ 020 rC scone) 

Silurian 

Ordovician 

Cambrian 

PR£-CAMBRIAN The older rocks of this era arc ofuii 

spoken of as Arcliacan 

I This name waa fine used in Germany where she toeb of cte period 
were divided inro three grcupi, a Txiad. Id the Brieieh Isles only two 
groups are represeaMd. 

a Rom dse ptoviaee Penn ia Russia, wl ie re roeb of chis period were 
first disdaguished. 
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insuperable obstacles in die way of drawing up a table of con¬ 
tents of the history-book of the earth. In the preceding table 
are included eras and periods only; the smaller subdivisions, 
a few of wliidi are Jiientioncd laccr» arc omitted. Each era may 
be regarded as a separate volume and the periods as groups of 
chapters comparable to dynasties or lines of reigning sovereigns 
in human histories. The boundaries drawn between eras and 
periods arc in the main orbirrary: apparent di.sconclnuicy is due 
to the imf^rfcction of the record and to eurigjiorancc. Darwin, 
as a young man face to face with Nature in Tierra del Fuego, 
was impressed by what seemed to him to be evidence of dis¬ 
continuity between one set of rocks and another. He wrote in 
his Diary: ‘A geologist perhaps would suggest that the periods 
of Creation liavc been distinct, remote the one from die other; 
that the Creator rested in his labours.' 



CHAPTER m 


Destruction and Reconstruction 

Rocks crumble iiito dust and from chc dust new rocks arc iiindc; 
matter is iiidescrucublc; change and decay arc stages in om- 
stnictive processes. Wiuc is ailed destruction is not annihilauoii, 
it is an undoing of something whieh was put together, die 
conversion of a complex structure into its component parts. 
We wish to know what rocks arc made of, how they were made 
and how we can interpret tlieni os rec<^rd8 of earth*] hstoi^. It 
is fitdng therefore that we should fuse learn what wv can by 
looking at the products of their disint^ration and by so d<dng 
form an idea of the methods of cock-conscrucdoii at the present 
day. What is happening now happened in the past. Since chc 
earth became solid, destruction and reconstrucrion have been 
tmeeasing: on the stage of Nature the scenery rapidly changes 
when we watdi die procession of events foreshortened in the 
tract of time: die forces controlluig them—the actors in the 
drama—remain the same. 

The sea encroaches on die land in some districts; in others 
we sec ancient seaports converted into inland towns by the 
growth of new territory. The coast*line of England seen by 
Julius Caesar was not precisely what it is now. It is liiglily 
probable that our earliest ancestors needed no boats to rake 
them from Britain to Gaul: it is certain that Neolithic mun 
roamed through forests and across gloomy fens which strerclicd 
far beyond the present East Anglian coast. The greater changes 
in the coa$t*line are due not only to the wearing away of land 
by sea, they are due mainly to changes in level aused by move¬ 
ments of the eartli*s crust. Two faccoR are involved: subsidence 
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and elevation; and die wear and tear by witcc, irosr, and wind. 
An example of erosion is afforded by die coast of Suffolk 
between Souchwold and Aldeburgh where within the memory 
of many of us the cast end of the old Dunwicb church stood 
several feet from the edge of the clilf The church has been 
entirely destroyed by the sea with the exeepcion of a piece of 
the tower chat was removed and re«<rcctod a short distance 
inland. The ruined churcli of Reculver on the edge of a did* 
on the Isle of Thanet was nearly a mile from the sea in the re^ 
of Henry VKI. It is said diat between Flamborough Head and 
Spurji Point at the mouth of the Humber over a hundred square 
miles of land have been lost since the Roman invasion. Though 
it is not easy to distinguish between changes caused by ^ 
destructive action of the sea and those attributable ro upward 
and downward oscillation of the land, it is often possible to 
obtain dcfinim evidence of tlic latter. One example is worth 
giving: a Danish geologist cook a series of photographs at 
intervals of a few yean of the face of a cliff on the west coast 
of Greenland, selecting a spot which could be readily recognized 
by certain peculiarities; he found on comparing die photo¬ 
graphs that tiic zone of brown seaweed adhering to the cliff 
and exposed at low tide had crept higher up the face. The land 
was sbwly sinking or, it may be said, the sea was gradually 
rising. It is perhaps worth suggesting to younger readers willing 
to take a lo:^ view that cliey might start a scries of similar 
records by photographing marked &ces of an. English cliff on 
a rocky coast- 

Water freezes in cracks and fissures of rocks and expands 
approximately lo per cent of its volume, chipping off blocks 
of various sizes. It is true wc might watch tlic face of a crag 
for a long time without noticing any perceptible change, but 
the cumulative effect is apparent in the Utter of loose pieces of 
rubble at its base. There is constant interchange and circulation 
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of material between the atmosphere, the earth s rocky crust, 
and the oceans. Waste &om the land is transferred to the sea 
both in a solid form, as sediment carried long distances by rivets 
and streams, and in solution. Continents and islands through 
the action of the weadicr—rain, frosr, wind, and changing 
temperature causing expansion and contraction—are subjected 
to continuous disintegration: the produces of destruction arc 
the raw material of which new rocks ate made. GcologisB 
speak of weacliering, or the eifcct of meteoric agejits on die 
earth’s surface, and of dent^dation, or laying bare {tUnuJartM to 
lay bare) by removal of the loose debris, and erosion {rodcrc^ 
to gnaw), the process of eating away. Rocks arc broken into 
pieces: tlidr surfaces ace smooched and pitted by die solvent 
action of water charged with acids derived from the air and 
from the ground, or reduced to loose, incoherent sand and 
particles of clay; the broken pieces and the :dner material along 
with substances in solution are removed by wind or water, and 
the sur^ce laid bare. Rivers erode channels and serve both as 
carriers of waste as well as cucting*^ool2. One can of^ see the 
eliects of weathering on the pillars and walli of buildings and 
on tombstones made of certain kinds of rocks on which inscrip- 
dons are hardly legible. The effect of chemical wcadicriiig is 
parriculorly noticeable in districts wliere die ground is made of 
limescone. in West Yorkshire, many other parts of England, 
and in Ireland: fissures which cut die rock into broad scrips and 
blocks are gradually widened by the solvent action of water 
and rendered habitable by ferns and other planes. Caves and 
underground watercourses are striking examples of chemical 
weathering. The soluble carbonate of lime removed from lime¬ 
stone by water containing carbon dioxide gas is often redeposited 
as scalacdces and stalagmites as fur is deposited in pipes and 
kettles from hard water. Much of the dissolved material finds 
its way to the sea where it fumislies marine animals with the 
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stuA' of which their slicUs are made. Spny &om a waterfall is 
a Umescone district deposits hm** on eraporation, and as che 
solvent power is reduced by decrease in pressure when water 
comes to the surface from depths where the pressure was 
greater, Aims of carbonate of lime cover the adjacent ground 
and in course of yean may build up masses of a porous rock 
known as travertme, die material o( which many of the old 
buildings in Rome are constructed. Travcrdoc is widely used 
in niodeni buildings and can be recognised by che rather loose 
and porous texture made conspicuous on che polished surface. 

Chalk is comparable to limestone in ori^; it is made of fine 
particles of carbonate of lime togecl^ with innumerable frag¬ 
ments of often well-preserved yeomens of shells of marine 
creatures; it was formed on the floor of a clear sea of moderate 
depth. A characteristic feature of chalk is the occurrence of 
irregular nodules of flint in rows roughly parallel m the planes 
of bedding. Flint is siliceous and was no doubt derived in part 
from the ^ceous skclctoos of sponges whidi passed into s^u- 
don in the sea water and ruhsequendy accumulated in patches 
of solid matter in che chalky ooze. The upper edge of a rhalW 
clIiTor railway embankment is often very nneven, and between 
the surfree soil and the white rock is a layer a few feet in depth 
of brown rocky material made of flints and ocher insoluble 
residue left after removal of the soluble part of the chalk. 

Plana pby an active part as wearhering agents. Soil consists 
of lubstanca derived in part from the decay of animal and plant 
remains and in part from the disint^tatiott of the underlying 
rock. By digging a hole in die ground we can trace a gradual 
passage from the surfacc^soil to die more gravelly subsoil below 
and deeper to the broken layer of solid rock. Roots of trees as 
they grow la girth exert a considerable levering force in cracks 
into which they penetrate, and the more slender roots aided by 
acids excreted from thcii cells coK»pefate with eardiworms and 
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countless hordes of microscopic oi^anisms in reducing by 
mechanical and chemical means the coarser subsoil to die liumus 
on the surfiicc. The orange-coloured, black, ajid vennilion 
lidiem, re/leeting *the sunsets of a thousand years’, arc out^ 
posts of the plant world on inhospitable mountain tops which 
prepare the ground ibr mosses and flowering plants. Invisible 
bacceria with lichens and mosses all ukc a share in the dis¬ 
integration of rocks. But plants arc by Jio nicaus merely agents 
ofdestructkni; they are among die most useful agents of rock- 
building. Generations of bog-moss and oclier planes which 
grow gregariously in wet and swampy ground aJid on jnoorland 
weave a tliick covering of peat U kes and ponds arc i wergro wn 
by rile gradual advance of the marginal herbage: showers of 
vegetable debris from the planes floating on die water eon tribute 
to the black mud that lies below, To the accunuiladoji of dead 
leaves, stems, and other saaps we owe botli peat and many 
kinds of coal. An area long covered by forest jnay slowly 
subside and be overwhelmed by water whicli cveiicually spreads 
slicccs of sand and mud over the buried vegetation; the dead 
forest refuse is die material of which coal was made,, and die 
overlying sediment forms the hard xock that lies above a seam 
of coal. There arc many ways in which pLiiits cinitrihufc to the 
formation of rocks: fresh-water ponds and ditches arc inhabiccsl 
by a great variety of microscopic organisnu among which 
Diatoms arc abuiidandy represented; dicy arc simple plaiiu 
enclosed in a delicate case of almost indestructible silica. While 
most of the delicate plants are converted by decay into uiirccog- 
niable fragments the resistant protective c<wcringi of the 
Diatoms remain and build up a white rock known as diatoma- 
ccous earth. .On a small scale one can somutimes see such wiiite 
layers in ground lying over the site of aji old lake or pond. 
In Bohemia, California, Virginia, New Zealand, and other 
part? of the world there are thick beds of rock made almost 
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entirely of the remains of frcsb-waccr or marine Diatoms, bi 
the Southern and Antarctic Oceans the sea-^oor is covered for 
cKousands of square miles with a lighc-cdoured ooze eonsisdng 
of the ca s es of millions of Diatoms, and we may safely assume 
that some of the hard diatomaccous rocks in the earth’s crust 
are upraised sea-fioors. 

Anotlicr example of plants as rock«bullders is afforded by 
certain seaweeds which cover their soft bodies with carbonate 
of lime and resemble corals, for wliich they were formerly 
mistaken: a fow of these calcareous seaweeds are conuAon on 
our beaclics. Calcareous seaweeds are now abundant both In 
the Arctic regions and in warmer seas; in many coral reeft they 
outnumber the true corak It has been found from an examina» 
tiou of many limestones of different ages that in the seas of 
earlier geological periods Umc-sccredng seaweeds asid other 
organisms with calcareous skelct^is lived under conditions 
similar to chose that are ftvourable to the existence of t hfi c Uvii^ 
desccndanc. Reeft now being fo r med tn foe Mediterranean Sea 
by the accumulation of the hard calcareous ftamewodc of sea¬ 
weeds aud animals provide clues to foe interpretation of the 
conditions offormadou of rocks which are a c9Qspicuoui feature 
in die Auscian Alps and ocher mountain ranges. 

It is impossible to draw a clear diidncdon between the two 
aspects of what U in reality a continuous series of events, rock- 
construction and rock-dcstructiofL The products ofweadieriiig 
and erosion are usually removed by water from their place of 
origin, but in certain drcumstasiccs they build up material 
in iitu. An impressive example of the accumulatioa of material 
produced by weathering is furnished by foe iron clays known 
as laterite. found in many tropical countries: the clays lie on 
the parent rock from which they are derived by chemical 
disiutegradou. 

We will now cum our attention to the production iu bulk of 
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loo$£ luatenAl (icrivc4 &om cc^iereac rocks. If wc follow the 
course of a river &om its source on the side of a hill through 
the lower reaches to At mouth we readily gra^ the methods 
of erosion and denndadon. Ute head of a mountain stream is 
strewn with blocks of rock deodicd by &ost or by the battering 
of cliff frees by a torrent in flood borling stones hither and 
thither: as die yelociey and volume of the water increase larger 
and larger stones are swept along, pounding against one anodier 
and rollii^ over the rodty bed. Angular blocb are rounded 
into pebbles, broken into smaller pieces, into grains of sand and 
uldmately to particles of mud. Hie smaller and lighter the 
pieces the flirthcr they travel suspended in the water. Here and 
there in a still pool rolled pebbles and sand conic to rest, forming 
banks and kyecs> kit most of the finer debris is carried to the 
main dumping grotind where die flow is checked by contact 
with the water of a lake or sea. The sand no longer impelled 
forward sinks to die bottom, and the mud. lighter than the sand 
and more buoyant, floats for a loiter period, the smaller particles 
coalescing into groups which slo^Hy hSL 
There are many stages in the manuketure of new rocks from 
old: the breakup and crumbling of lo^. die conveyance of 
detritus to lower levels, and in die course of die journey the 
gndual reduction of larger to smaller pieces by impact and 
ghndiog, the spreading of pebbles, sand, and mud over die 
reception area where the matedal is sotted by weight as it conus 
to rest. The next stage may be after an interval of many 
thousands or millions of years when dirough movements of the 
earth's crust the loaded floor of a sea or estuary is raised above 
the water and eventually, it may be, folded into arches and 
troQghs or into fluuasocally crumpled chat form part of 
a mountain chain. The soft material may be cemented into 
coherent sheets by the deposiacai of some binding substance 
introduced by percolating water before it is uplifted into a 
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pbicau or, if the uplift is less verrical and more laccraJ, into 
ranges and alps. Thus from river-deltas and sea-£oors which 
were collecting grounds of river-bome sediment now lands rise 
from tlic water and the cycle begins afresL It should be noted 
diat when a river flows into the sea the sediment comes under 
the influence of currents which play an important part in its 
distribution- On many parts of the ^glish coast wc see shingle 
beaches between the edge of the land and rfie sand on the lower 
slopes of the shelving platform of the beach. Beyond the sand, 
samples dredged from the sea-floor show a gradual passage of 
sand to mud: these three kinds of deposits may have been 
derived almost entirely from the cliff overlooking the sea or 
tlicy may consist in part of material that has been transported 
by rivers and curraits far from its source. CiifS arc exposed 
to attack from the atmosphere and from the tides: the free of 
a cliff sloping backwards from the beach ceils us tl:ac wastage 
of the upper part by rahi and frost is more rapid than the 
wearing away of tlic base by stones on the beach used as 
battering rams by the waves. Odicr cliffs leaning outwards 
indicate a greater loss from marine than from subacrial erosion, 
Tlierc ace other fretors Co be considered: rocks ace not uniform in 
structure and equally resistant throughout; there arc harder and 
softer layers; moreover the whole mass is more or less clearly 
intersected by divisional lines diat may be hori 2 oiital, vertical 
or inclined at different angles; some of diese are known as 
bedding-planes, that is, lines of partial separation of the cock 
into byers corresponding to the original beds or sheets of 
sediment; other divisional planes arc known as joint-planes and 
were produced as cracks in parallel scries under the influence of 
pressure to which the rocks had been exposed. These bedding- 
and joint-planes arc contributory factors in the disintegration 
and wearing away of rock-masses. 

A shingle beach well repays examinadon: the pebbles rounded 
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and smoothed by the repeated backward and forward rolling 
together and accrition in the swish of the tide arc not all of the 
saine of rock; some come from die cli£ dose at hand, 
others from more distant sources. It is of^ posnble to trace 
^tn CO their scarce dther by noddi^ die. nature of the rock 
or ibssils they centain. If dure is a sandy beach one can learn 
many things from it: samples examined under the microscope 
show that the grains axe mote or less angular; there is often an 
admixture of slulL fragments and minerals other than siUca of 
which most sand>grains arc made. On the surface of a sandy 
beach or embedd^ in it arc seaweeds, tbc dark egg-cases of 
hshes, shells, and fratltery branched things which arc often incor- 
reedy called seaweeds but are the framework of colonics of very 
small at un ^ah imown as Polyzoa which live in dny cups grouped 
together in a forked, or feathery framework. By taking 
note of the structure and shape of the sand-grains and of the 
animal and plant remains we can glean frets helping os to throw 
bghc on the method and condidoos of formation of some of the 
rocks of past ages that were once sheets of sofr sand. Pieces of 
wood and twigs of trees are not uncommon on a sandy beach, 
some carried by currents from places where diey £rst readied 
the shore as docam from an inland source: a deposit found in 
a shaUow sea may contain drifted samples of a land vegetation. 
There are many other things to be seen: die pulsating movemem 
of the water transmitted to the mobile sand is recorded in 
currii^ ridges and groove ot ripple-nuiks. and these may be 
permanently preserved if they ace gsidy covered by the next 
tide with a protectii^ layer o( sand. Ripple-marks are often 
seen on the dagstones of pavements. Animals slitliering or 
crawling over the wet sand leave various kinds of sacks and 
diese too are preserved in hard rocks. Such markings on rocks 
have ofren purzkd geol<^i$cs, as the aniinab which made them 
may be types unknown at the present day. The footprints of 
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the man Friday were a thrilHr^ revelation to Robinson Crusoe; 
we experience no such thrill ^om impressions made by boots 
or bare feet, but we are more inceresced in the idend£caDon of 
patterns made on the sand by dogs, rabbits, birds and other 
wanderers. Large unfuniliar footprints made by extinct animals 
are occasionally found on rocks that are now part of the Land, 
and from them ic has been possible to learn something of the 
creatures which made tlxem. A shower of rain leaves scattered 
crater-llke pits, and if, as the shower fell, the water was driven 
slantwise by the wind the unequal depth of slope of the walls 
of the pit tells us the direction of the oblique impact made by 
the drops. Rain-pits, a network of cracks made by the con- 
cnction of the wet sand under the warmth of the sun, and 
ripple-marks on rocks formed millions of years ago serve as 
guides to the interpretation of the past in terms of the present, 
A sandy beach serves as an illustration of the beliaviour and 
eroding acdon of rivers: rills of water flowing over a gentle 
slope form miniaCure channels, and tributary streamlets con¬ 
verge towards the main channel where we can s« grains of 
sand and miall stones rolled and carried by the water aiid. 
filially, spread fanwise as a small delta. The branched channels 
bear a close lesemblaoce to the pattern produced when a small 
stem with lateral branchlees is pceesed against a yieldii^ surface, 
a deceptive resemblance diat has misled geologists in clieir 
observations on rocks of past periods. There ace many pitfalb 
in the path of those who try to read the story of the earth: 
a piece of an old Wedgwood teapot was once described as part 
of the seem of a plant that grew in the forests of the Coal Age; 
a fused and rounded piece of rock from the crater of a volcano 
was mistaken for the inflorescence of a tropical aroid, One 
often sees in private collections of miscellaneous objects delicate 
branched markings on the surface of a flat stone believed to be 
fossil mosses; they are patterns made by a mineral substance 
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vfhidi amolates plant ibnrn. Mistakes are onavoidablc even by 
experienced geologists who are sometunes taken in by puzzles 
and Craps set by Nature ui a misdiUTOus mood. 

Sand is now being accumnlaced not only on gently sloping 
shores bat at many places also as dones or small lulls piled up 
by die action of wii^. A dune begins as a small heap of sand- 
grains driven along the ground against some obsuclc and is 
gradually increased in hdgbc as fresh supplies convert die mound 
into a hillock with its surfree frshsoned lik^ driven snow Into 
beautiful, curved coocoun. Sand-dunes are seen in fullest 
development in desert countries and on many sliores where 
disinr^ated fragments of rock become the sport of die wind. 
The grains of which dunes are made are usually more completely 
rounded thau chose on a sea-bcach owing to the constant move¬ 
ment of the sand on the wind-swept mounds. Shells of land- 
snails and recnains of other occur in dunes along wicli 

plants that are able to grow under die reladvely dry condirions 
cbaracterudc of highly porous ground and of localities where 
.water is scarce. By the nature cf the material as well as by the 
fossils, or by the general barramess of the rock and absence of 
fossils, it is often possible to rec^oize from rocks in die earth's 
crust evidence of an envirooment similar to that in wliich dunes 
are now formed. 

Mud flats of estuaries and muddy sediment on the sca-floor 
frrther from land than the sandy bttch consist of layers of finer 
material that has been transported farther from land by reason 
of its lightness. A shelving floor beyond dde-levcl is inclined 
at a regular and bw angle to the horizontal in zones parallel 
to the coast—pebbles of the shiogb beach, sand in layen 
tapering toward the deeper water and fluther away a broad 
belt of muddy sediment. We know that the land is dowly but 
surely being worn down by the instruments of erosion and 
denudation and, in course of time, the surfree inequalities will 
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tend to be reduced almost to a level plain or rather to a plain 
sloping gently towards the sea, In, the process of planing down 
mountains and hills the sea plays its part. The shelving plain 
may be covered to a depth of many fMt by sand and mud or, 
as can be seen on many parts of the coast, it may be smoothed 
into a rocky platform with pools where ^ anemones, other 
marine animals and seaweeds £nd a congenial home. In some 
regions planed-down surfaces of die land are represented not 
merely by the present platform sloping away from the coast¬ 
line, but are recognizable far Inland and at a higher level. If 
one stands on an eminence commanding a view of ranges of 
hills, one behind the other, it is sometimes possible to detect an 
approximate approach to a general uniformity in the height of 
the rnore prominent features in a Laheland or Highland land^ 
scape. A line drawn over a wide area passing through the 
highest points follows a gently sloping direction, and this 
suggests that we arc looking at an old pl^ of marine denuda¬ 
tion; or. in other words, the sur&ce features which arc the 
expression of the cumulative and long-continued work of sul>- 
aerfal eroding agents are subordinate to a mucli wider feature 
represented by the imaginary line drawn over the crests of the 
hill ranges. The land was once overwhelmed by die sea which 
gave the finishing touches by planing it down to what is called 
a plain of marine denudation. Such evidence oftlic part played 
by the sea in wearing down the land over whidx it had trans¬ 
gressed enables us to picture a far-off scene before the Kills and 
valleys had been fashioned by rain and frost, a scene where the 
land lay under water as a shelving platform eliat was later lifted 
up to a higher level as the sea recreated. The emeigent land ac 
once came under the influence of eroding agents that carved it 
into hill ajid dale, and yet the signs of the old plain of marine 
denudation were not wlioUy oblitcrared. 

Beyond the outer edge of the shelving platform off die coast. 


40 


PESTIUCTION AND ASCONSTtUCTlON 


with its concmvua<» as tbc continental shelf under fifty to a 
hundred fathoms of water, and beyond die reach of all water¬ 
borne sediment &om die land the sca- 6 oor is corcied widi odicr 
kinds of material derived from myriads of creatures whose 
home is in the sea. In many pans of the world where the tem¬ 
perature of die sea is not lower than about F. animals closely 

related to sea-anemones secrete from die water carbonate of 
lime and use it to form a hard framework or intenial skeleton 
in and around their sofr bodies, part of the material of which 
coral reefr are made. The living coral polyp buQds on the dead 
foundations laid by its predecessors and masses of calcareous 
rock are gradually formed as fringing or barrier reefr or as coral 
atolls. Coral reefr are not built Suavely of coral but in pan 
of the remalos oflime-secreting seaweeds. Over many diousand 
square miles of ocean-door, at an average depth of about 
2000 fathoms in warm temperate and tropical regions, there is 
sbwly accumulating a dialky kind of white mud known as 
Globigerine ooze bemuse ie contains millions of shells and frag> 
ments of shells of minute marine animals belonging to the class 
Poraminifera, so called because the sliells encasing these very 
lowly ot$inssras are perforated by small pores, of which 
Glohi^rina is one of the comnwncst representatives. The shells 
of Foraminifora and other animals living on or near die surface 
of the water M to the bottom and contribute to the formation 
of a calcareous deposit, along with much larger shells of 
molluscs, oysters and many other creatures and in sonic seas 
die framework of corals. Our chalk downs and limestone hilh 
are made in great part of the miseelUncous shells and ocher hard 
parts of innumerable marine creatures whkh lived in andctii 
seas in water imcoocaxninaced by sediment carried by rivers and 
currene from the Laud. Deposits now being formed in modern 
seas, though not identical in the remains U plants and aiiiinah 
widi chose uplifted from seas of former ages, agree closely 
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enough CO lielp US co reconstruct che condidons and manner of 
their formation. Ic would not be correct co describe chalk or 
liniertone as a rock entirely composed of shells and corals: m 
addidon to recognisable traces of animal and plant remaiiu, 
cliere is other material made of £ne particles of carbonate of 
lime and allied substances which had a diifercnt origin. Ic has 
been found, in die Bahamas Sea. and elsewhere, chac large quan¬ 
tities of a £ne^rained calcareous mud axe being deposlced, and 
that this mud is due to bacteria and certain other microscopic 
plants, whose activities cause the precipitadon of limy sub- 
sranees. In all probability we have liere another instance of the 
applicability of present methods of rock-formation to the better 
understanding of what occurred in the past. 

In this brief and incomplete sketch my aim hss been to 
stimulate observadon and to awaken a spirit of enquiry rather 
than to describe in detail what can be gatliered fmm geological 
text-books. The next chapter is devoted to rocks, some of which 
are strictly comparable with rocks now in the making, while 
others have no modem counterpart accessible to us. 


CHAPTER 17 


Rath 

Iq ordiniry pailioce the term *rock* is applied to hard atoay 
material such as saodstone, grit, limestone, granite, basalt and 
many ocher constituents of dsc solid part of the earth's crust 
Writers of geol^ksd text-books use the term in a more com¬ 
prehensive sense and define a rock as an aggregate of minerals 
whether coherent and xebtively hard or incolicrcnc and of loose 
texture such as gravel, sand, clay, and mud. the more compact 
rocks diiiec b hardness: chalk and limestone can be scratched 
with a knife and eflervesce when a drop of hydrochloric acid 
is put on to the sur&ce; on otlten, such as sandstones, die blade 
of a knife makes little or no impression, neither does hydro¬ 
chloric add. The earth's crust is made of two classes of rock 
difiering m composiaon and in origin, sedimentary and igneous. 
Sedimentary rocks are widely disoibuced and cover perhaps as 
much as 75 per cent of the whole suifiicc; they are mainly old 
sediments chat were oacc masses of gravel, sand, and mud 
transported by water and depodeed in layers, sheets, and banks 
in estuaries, lakes, and aeas. A few sedimentary rocks were 
formed on land: some are old surbee-soils, e.g. the bed of fire¬ 
clay that ofien lies below a seam of coal and is the altered surfiice 
on which forests grew; some contain a high percentage of 
carbon, e.g. coal and aUied material, and conasc of a compacted 
and more or less chemically altered accumulation of vegetable 
debris; others were formed without the intervention of rivers, 
as masses of broken rocks chat had been talus dumps on the steep 
flanks of mountains, such as we see now on the bore of Wast- 
water and in many other places at the foot of a cliff, or as piles 
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of loose sand blown by the wind into dunes. In the second class 
are included many varieties of rock all of wMch were produced 
not by destniccive eroding agents but by the action of very 
high cemperacures. Igneous rocks were originally lit^uid or 
molten and solidified as the temperature fell below melting'* 
point: their texture—whether glassy, or finely or coarsely 
crystalline—varies according to the drcumstances in which they 
became solid. Crystalline igneous rocks, and they are by far 
the commonest, consist of an intricate mosaic of interlocking 
crystals, a structure which makes cliem tough and hard; they 
differ widely from sedimentary rocks that are composed of 
mineral pacticles either large or small whlcli were compacted 
and pressed together into more or less coherent layers from 
masses of loose and independent grains. 


SEDIMENTARY ROCKS 
SAKDSTOI41 AMD C!tIT 

It has been estimated that if the sedimentary rocks of all 
geological periods could be arranged as a single pile it would 
be $0 or 6 o miles high. 

A sandstone as the name implies consists mainly of a com¬ 
paratively coherent mass of sand (chiefly silica), the grains being 
cenicnted together by some binding material introdoced by 
water percolatuig through the porous sediment or derived from 
the partial solution of the grains themselves. Some sandy rocks 
are not hard and compact but consist of loose sand which has 
retained mote or loss unalteced the texture of the sediment as 
it was first deposited from water. Examples of old beds of sand 
that have not been converted into hard rock are paidculsrly 
common in English counties where the sur^ce is made of sedi¬ 
mentary deporits belonging to the Tertiary era, In many parts 
of East Anglia, espcci^y on the coast near Soudiwold and 
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eUtwhttt, la die sandy heaths and woods of Surrey, and in 
the cllfis in the Boummouch district, loose masses of sand are 
a conspicuous foture. Most sandstones ait hard though they 
diBei in the degree of «ni^ between d>c individual grains; 
a coarser-grained sandstone is usually called grit In red sand¬ 
stone and grit the cotOnr is given by a thin £]m of an oxide of 
iron (comparable with mst) that coats each grain. Sandstones 
and grits, as also ocher sedimentary rocks, are usually arranged 
in layers varying in from a few inches to several feet: 

this layered structure—the regular bedding of die rock —is an 
expression of the maonet of origin; die masrial settled on the 
floor of a shallow sea or estuary as sediment and after a pause 
fresh supplies were thrown down- The interval beeween suc¬ 
cessive loads of sand is represented by a line of weakness, the 
junction bemeen a partially dried and compact surface and 
fresh layers of looser sediment; aloi^ die dividing plane the 
rock can be easily split into flags suitable for pavIng-sconcs, or 
into laige blocks. If we look at an exposure of rock in a quarry 
the bedding-planes are clearly but one sees also othet lines 
of division at right angles n> the bedding: these are joints 
[Chapter m, p. 3 5 and Plate 0 . upper figure) that cons cicutc ad¬ 
ditional hues ofweaktKss and gmulyfrdlicatc quanyir^. There 
may be cwosetsofjoint-planes at righunglo to oneanocher which 
together with the bedding-planes divide up the rock completely. 
By d rilling a series of holes diroogh the rock and spHccing it by 
irui^ n g an explosive cha^e into each hole or by othet means the 
tendency to split along bedding- andjoint-planes makes it easy to 
detach fairly r^ular, rectangular blocks. Joints are particularly 
well shown in limestone chat forms the surfree of a plateau; they 
fbnn an irregular nerwoik ofgaping fissures in which frrus and 
odier plants are abundant, la origin, joints difler fimdamezically 
from planes of bedding; they were ^oduced by pressure caused 
by movements in the solid crust which compressed the rocks 



{h) PcrehcJ block, Norber (see p. 105) 
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and subjected them to severe strain. The mass under pressure 
cracked along r^ular planes in lespcmse to the disturbing forces. 
If a piece of glass is £xed at one eiul and the other end bent 
upwards and downwards it cradcs aloo^ roughly parallel lines 
which are often in two series at right angles to one another. 
It is well known dxac the earth's crust has repeatedly been 
exposed to lateral pressure causing cojitraccion and strain, and 
one effect of this is seen in joints. 

Before leaving sandstone and grit it is worth noticing a fairly 
common feature which throws light on the conditions under 
which the rocks were deposited. If we look at some sandstone 
exposed in railway cuttings or large weathered blocks that are 
scattered over moorlands we can often see series of roughly 
parallel lines rendered conspicuous by long exposure which 
occur in scries oblique to the main lines of die regular bedding- 
planes: there may be several series indined to one another at 
varying angles. Tliese lines repreisent what is known as cucrenc- 
bedding or false-bedding and are evidence of deposition of the 
sediment by shifting currents or eddies in shallow water near 
a coast, or by wind along the sloping surffices of dunes. 

OLD SHISGLE BEACHES 06 COHCLOMBSATES 

A cor^lomerate is a rock made of rounded pebbles usually 
finnly embedded in some cementing material; it is exactly like 
a m<^em shingle beach except diat the pebbles have been 
cemented togcclier. Rocks of this kind afford valuable clues to 
the positions of old shore-lines, and the pebbles of many 
different sorts help us to form an idea of the composition of the 
rocks which were ihe source of the conglomerates, grits, and 
sandstones. Beds of conglomerates and other shallow-water 
sedimentary rocks may be several hundred feet in chicktiess and 
this is an indication of fcnnation>in a basin of deposinon which 
was slowly sinking. 
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BRECCIA.S 

The tcnn ‘brecda* is given to locks consiscmg of a hetero¬ 
geneous nuss of angulftt^ rounded pieces: they differ 

from conglomerates in the absence of weU-counded and water- 
worn pebbles and are comparable to accumulations of broken 
rock fragments on talus slopes or to coUecdons of debris swept 
from guUies and river-channels by torrents caused by rare rain¬ 
storms in a dry r^on and not carried far enough to be ground 
into rounded pebble$< Some breedas are volcanic in origin and 
are made of fragments of rock that were ei^osed co explosive 
forces released during eruptions. 

CLAT, SBAie$> AND SLATBS 

Shale may be described as a hardened and consolidated 
thinly bedded clay or mud made of frne parades derived from 
the mechanical and rK»TT^i.*a1 disintegradops of mineral su^ 
stances in rocks chat had been exposed to the acdon of eroding 
agents. Shales are very often assodated with grits and sand¬ 
stones: they indicate deposadon of finely divided sediment 
rather frrther from land rhan the places where (he heavier and 
coarser sand was deposited. A ^h^V is easily broken and tends 
to split along the planes of bedding: it has an earthy, clay-Iikc 
smell. Fossils, both animals and planes, arc common in shaly 
beds and often well preserved; In some mscmccs shells retain 
their pearly lustre. As we shall see later, depones of clay are by 
no means always in the form of reladvcly hard, layered shale; 
there are thick masses of clay belonging to many geological 
periods which have nnde^ne little change auce ^ey were 
first deposited on old sea-flo^ e.g. Kunmeridge Clay> $0 named 
from Ejmmeridge in Dorset, Oxford Clay, Gault and London 
day, 

Slates am harder than shale, and the more typical examples 
diat are used frjr roofing can be split ahnoff indefinitely along 
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parallel p]anes> frequently at a high angle to cKc bedding: this 
property, known as slaty cleavage, has been impressed upon 
the rock by pressure generated in regions of the earth s crust 
subjected to forces of compression associated with crustal dis¬ 
turbances. Under great pressure rocks become semi-plastic, and 
particles such as small Hakes of the mineral mica are able to move 
and alter their position; they arrange themselves at right angles 
Co the direction of the pressure and that imparts to the rock a 
texture which allows of splitting along planes of least resistance 
due to the parallel and regular orientation of the minute par¬ 
ticles. Bands of different colours arc noticeable futures on the 
smooth cleavage-sur&ces of many slates, purple or dark blue 
in colour: the bands mark the layers of deposition or sedimenta¬ 
tion which may be at various angles to die cleavage-planes. 
Slates have been formed in different ways: some are altered 
sediments transported as clay or mud by rivers chat held in 
suspension material made from the scouring and disintegration 
of rocks; some consist of finely divided volcanic ash, diatis, the 
material which is frequently tlicown in dense clouds frt>mciaCcrs 
within or below which violent explosions have shattered the 
adjacejit cocks into frne dust. Ic was volcanic dust that buried 
Pompeii in a.o. yp. This product of explosive erupdoos is not 
confined to the land; it may be spread by water over as ocean- 
floor from centres of activity under the sea. It is important to 
remember that die term 'slate' is also applied to rocks that are 
neither shale nor slate in the stria seuse; slabs of a yeUow rock 
used for rooting houses in the Cotswold country and some other 
districts are comparatively chin beds of a sedimeiaraiy rock that 
is mainly composed of calcareous and not clayey material 
Seonestield slate (from Stonesfield in Oxfordshire) and CoUy- 
weston slate (from the Stamford distrkt) are examples of the 
application of the term co a rock because of its use for rooting 
purposes and not for a geological reason. 



4$ R0CK5 

C&AtB; tIMESTOKE, AND OTHER CALCAREOUS ROCKS 

has already been made to dialk and lunestonc as 
tocb charactehsQC of cleai wattf as distinct sand and 
clay, the sediments deposited in a tdatively shallow sea or lake 
and transported by riven and aurents from the neighbouring 
land: die calcareous sediments accumulate where they arc pre> 
duced, they occur in the place of origin and are made in part 
of shells and skeletons of animals^ occarionally also of the cal¬ 
careous coverings of certain seaweeds which lived in the sea. 
If beds of sandsme> shale, and limestone are found in the &cc 
of a dif or at different levels cn a hill-side lying one above the 
other, diey fnrrush evidence of a sea-fioot mcreasing in depth 
from a shallow sandy beach to ndxr deeper water with a muddy 
sediment and to a still deeper sea out of reach of river-borne 
sand and mtid- 

Limestones may be also fresh-water in origin; hut most of 
them contain marine fossils whidi are proof of formation in 
salt water. A Hmescone may be prodoced by deposition of 
caJeareoos marnrial from fresh water, bolding in solution car¬ 
bonate of lime obtained from limestone xo^ over which a 
scream or river has passed. The free of a diff overlooking the 
civn Nidd at Knaresborough is coated widi a white deposit of 
lime thrown down on xhe evaporation of the spring water. The 
sonndled petrifying springs at Kjiaresborough and Matlock are 
examples of the formation of calcareous rock as the result of 
evaporation of water ndi in dissolved carbonate of lime. This 
is the porous rock made up of thinlcalcanous layen known as 
travertine; it was used by die Romans in die construction of 
the Colosseum and other buildings; and die same rock is 
widely employed with good deirative effect in modem 
English bnildings. Similar calcareous deposits are frmiliar 
as stalacdcBS and scalagmites is many caves in hmestoiie 
districts. 
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The name ‘ oolite ' is given to some limestones wholly or 

in part of small, spherical grains resembling fishes’ roe (Greek, 
ffon- egg) ; the grains can be seen with the naked eye, though 
much more clearly with a pocket lens; they arc particularly 
striking in the yellow and occasionally pink Keeton stone named 
after Ketcon in Rutlandshire; they are also a characteristic 
feature of rocks from other localities, e.g. the stones used in 
many of the Oxford colleges. OoUcic grains arc made of con¬ 
centric layers of carbonate of lime and there is oibn a nO'cleus 
of some sort in the centre, a tiny piece of shell or a sand*grain, 
around which lime was. deposited in even layers as the growing 
oolitic grain was carried hither and thither by currents in the 
sea. 

MARBLES 

‘Marble ’ is a name commonly given to a rock which takes a 
polish is suitable for ornamental building or decoration; 
the term as used in commerce has no precise geological sigru- 
ficance. Many commercial marbles are not sedimentary but 
igneous in origin. limestone is a good illustration of a marble 
that is sedimentary: several limestone rocks of widely separated 
geological ages are used as marble mantelpieces, or small 
columns in t^urches. It is easy to recognize the age and the 
provenance of some of the limestone marbles by the fossils 
rendered conspicuous by polishing: mantelpieces arc often made 
of dark grey limestone belonging to the Carboniferous period 
and quarried in Derbyshire, Yorkshire and other districts con¬ 
taining fossil corals, sea-lilies, and sliells; limestones of Devonian 
age from the neighbourhood ofTorquay and other places when 
polished show beautifully preserved corals characteristic of the 
period; another well-known limescone, Putbeck marble, was 
first used in the thirteenth century for sliafcs, or comparatively 
$c 4 
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slcndec columas, in cazhodnb; u is light green and contains 
many shells which denote a fresh-wattr origin. In geological 
parlance the term ^coarble' is confined to limestone wbidi has 
become crystalline owing to the action of heat, or heat and 
pressure combined. 

SSDlMfiNTARY ROCKS O? T2GETA9LE ORICIN 

Of these the most important is coal, aad a description of it 
will be found in Chapter ^rm. There is a gradual transition 
herwoen rocks such as some shaks which are almost black in 
colour, because of die abundance of carbon derived &o:u plant 
remains mixed with the muddy scdunenc. and beds of coal in 
which plant debris almost complendy takes the place of clay or 
sand. 

It is hardly necessary to point oat diat it is impossible in many 
instances to draw a distinction between the several kinds 

of sedimentary rocb: one kind shades mto another. A sand¬ 
stone in one locality is made entirely of grains of silica; in 
another it is partly sandy, partly aj^dlaccom, that is, there is an 
admixture of day; a sandstone may also contain bauds and 
sneaks of a coaly substance fumished by plant remains. Such 
terms as sandy, or arenaceous; shale, argillaceous, or cbyey; 
limestone; carbonaceotts sandstone, etc., are appUed to inter¬ 
mediate varieties which must necessarily occur in Nature. 

IGHBOUS ROCKS 

Igneous cocks most have preceded those of old sedimencs 
-gravel sand, and clay—which presuppose the existence of a 
source horn which such material is produced hy erosion and 
denudaticn. Molen and semi-molten lava flowing sluggishly 
from the crater of a volcano, comparable with the slag of a 
blast furnace solidified riom a fiised mass, is a modem example 
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o£ the kind of. rock that we associate with early stages in die 
developmeoc of the earth's sur&ce. Lavas are now being added 
to the Und, and from still active volcanic islands such as Strom- 
boli, the 'lighthouse of the Mediterranean', as well as from 
centres of eruption hidden under the sea, lavas and ocher pro¬ 
ducts of erupdve forces contribute to deposits on the ocean-bed. 
There are other igneous rocks of which there are no modem 
counterparts that we can see in process of fonnadon: coarsely 
crystalline rocks, such as granite, passed from a molceii to a 






Fig. 2. J^eou! roeb. A, Plotook rocks; dyke rocks; 
C, volcuiic rocks or lava. 


solid state ^ below the surface, and it was only after long 
exposure to descruedve agencies and the removal of the original 
cover dut they have been exposed to view. We cannot tell 
whether such rocks are now being forced upwards from sub¬ 
terranean reservoirs far beneath our feet. 

Igneous rocks are conveniently divided into two not very 
sharply defined classes, Volcanic and Intrusive; the more deeply 
seat^ intrusions are known as Plutonic (from Pluto, the god of 
the underworld) (Fig. 2). Both kinds were originally molten and 
the difference between them is the result of the conditions under 
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whirh they Became solid and crystallioe. Among rocks asso¬ 
ciated with volcanic aciivky arc lavas of various kinds; some 
did not cool slowly enough to permit the development of 
crystals in the moltm liquor hot solidified rapidly as volcanic 
glass. A good example of volcanic glass is the great sheet of 
pirchstone, 400 fL thick, which dominates as a ste^-sidcd, 
sloping cHf the idand of E igg in die Hebrides. Micro¬ 
scopic^ eyaminarion of transparent slices of a glassy rock reveals 
the presence of minute beads and needles that represent initial 
stages in ctystaHizanon within a homogeneous matrix, Lavas 
as a rule are not glassy in texture but CMisist of crystals diilcriug 
in chemical compoarion diae are coo small to be seen widi the 
naked eye: a 2ava-dow has a sla^y and irregular surface, and 
the uppermost part, which has cooled rapidly on exposure to 
the ak and has a frodiy porous strocture caused by escaping 
steam and gases, solidifies as pumice. X^vas axe found among 
rocks of many geological ages, and one of the commonest is 
known as basalt, a dark grey or black, finely grained rock which 
becomes brown on exposure to die weather. Basalts mainly 
occur as old lava^ows poured over a land-surfiute or over the 
ocean-floor; some are intrusive rocks chat did not resell die 
actual sur&ce but were forced upwards as sheets and sills of 
molten material along beddiQg<^lanes, lines of weakness be¬ 
tween one layer of rock and another; the intruded sheets were 
quickly cooled by contact with the sur&ces of the invaded beds. 
Basaldc rocks, especially intruded sheets, vary in the sise of die 
crystals and within certain limiK m chemical composidon; 
distinguishing names given to difierent types of basaldc roeb 
need not be mentictied here. Basalts and cocks cover 
many thousand square miles of the earth's in several 

regions where they have been poured out as lava streams or as 
fiery floods fiom fissures. An impressive example of this is 
described in Chapter a. The basalts of the Giant's Causeway in 
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northern Ireland and it Sui^ and other islands ofTthe west coast 
of Scotland furnish illintradons* of a common struccural featurCi 
the division of the rock into hexagonal columns due co con¬ 
traction on cooling and analogous to the columnar form assumed 
by starch on soUdidcadon. 

Basalts abo occur as dykes, which are sheets of rock forced 
in a molten state into vertical or oblig^ue cracks in tlic eardf s 
crust. Dykes being frequently harder and more rcsbtant than 
the rocks into which they were intruded stand out as con¬ 
spicuous walls several feet in thickness above the general level: 
on the other hand, as can be seen on the beach of the island of 
Arran, dykes occasionally occupy trenches in the penetrated 
rock. There are at least four hundred dykes in the Isle of Arran 
varying in breadth from a foot to a hundred feet: each of them 
marks the posidon of a rift in the rocks which they Invaded and 
that means a stretching of the earth’s crust. It has been calcu¬ 
lated from the total thickness of the dykes that the crust was 
stretched more than five thousand feet. 

One of die most remarkable examples of a basaltic rock that 
is not a dyke but a sill or intrusive sheet is the Whin Sill; it was 
forced fiom a subterranean soiuce into an overlying series of 
sedimentary rocks belonging to the Carboniferous period and 
diis probably occurred in the Permian period. The sill extends 
across England, somedmes hidden, in some localldes formii^ 
an escarpment or ocher conspicuous feature, from Westmorland 
to the Fame Islands which, together with the cliSs at Donstan- 
burgh and fiamburgh, axe built of the basalt; it is a hard bluish 
grey rock, 8o to looft. chick, lying as a regular sheet inter¬ 
calated among the beds of Carbonifnous sediments and occa¬ 
sionally passing from one bedding-plane to another and altering 
the texture of the rocks between which the molten intrusion 
squeezed its way. Being harder than the adjacent rocks the 
Whin Sill has been worn away less rapidly by water and left 
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as a scarp causiog a sudden descent of streams that pass over it 
as waterfalls. e.g. High Force m Teesdale and several others. 
Near Greenliead in Northumberiand, where the rocks chat oucc 
lay above it have been removed by eroding agents, the‘Whin Sill 
stands as a boldescaipmcnc rendered allthe more impressiveby the 
Roman wall which pnrsnes its ondeviating way over the crest. 

Rocks included in 4 te plutonk category i^m basalt 
and ocher £ncly grained produce of igneous activiry hi thdr 
much mote obvious cryst^lioe scrocrurc; they were not poured 
over a Iand*4Ui&ce nor did they soUdify near the surface but 
under a heavy load of rocks above them: they cooled very 
slowly and under conditions ^vourable to the formation of 
large crystals visible to the unaided eyt. The best and most 
^miliar example is gtanite, a pink oc grey rock nude for the 
most part of three eaaly tec^niable minerals, felspar, mica, 
and ^uarB (silica): fidspai is by ^ the most conspicuous and 
occurs as grey or pink crystals, sometimes more an inch 
in length. Different kinds of crystals, varying in colour and 
composidon, are iocloded in the felspar group. The mica 
crystals are much ^malW and split readily into dsin glistening 
ffakes when gendy pressed by the point of a knife. T^c inter¬ 
stices between die felspars and mica are widi less regular 
patches or blebs of quarc too hard to be scratched with a knife. 
As the molten mat erial slowly cooled the mica crystals separated 
our fint. did the felspar, followed by quartz. Pink granite 
quarried at Shap in Wesemodand is cztenavcly used as polislicd 
slabs on the fece of buildings and for columns and pedestals: 
the grey granites of Aberdeen have been used in die construedon 
of many buildmgs m Aberdeen itself and elsewhere. One of^ 
sees on shop frooEs and on the feyada of odier buildings polished 
slabs and blocks of a purplish blue plutonic co^ of Norwegian 
ongin known as syemie; it has la^ attractively iiides^t 
crystals. 
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Another plutonic rock, related to basalt and distinguisiied by 
its relatively large crystals, isgabbfo, the rock mainly responsible 
for the formation of the Cuillut Hills in the island of Skye. 
Gabbro differs from granite in its dark, almost black colour, and 
in its mineral composition. Fuxdier reference is made in later 
chapters to the Cuillin Hills and to otlier masses of plutonic 
rock that play a part in determining scenic features. All plutonic 
rocks have not been produced on the same plaji and in the same 
way; many of them may be regarded as masses of molten 
material impelled upwards from a subterranean source which, 
filing to teach the suttee by penetration of the rocks blocking 
their path, gradually passed into a solid coarsely crystalline form 
below a tliick covering of the crust. Their fonnadon may be 
described in rather crude terms as follows: some powerful force 
withui the deeper regions caused la^c quantides of molten rock 
CO rise to a higher level; the material as it cose pushed upwards 
die rocky covering into a solid bubble or blister or more cor¬ 
rectly into a dome, and finally crystalliwd; later on, weachccing 
agencies gradually removed the greater part of the domed layers 
and at length laid bare the initial cause of the uplift, dtus 
exposing CO our view plutonic rocks chat were once hidden. 


MBTAMORPHIC ROCKS 

Geologists make use of the diversity of structure of rocks as a 
means of reconstructing past events: sedimentary rocks agreeing 
very clos^y with sediments now being deposited tell a straight¬ 
forward stocy I others, especially in the older parts of the earth’s 
ermt, arc more diiTlcult to intetpreL ^Reference has already been 
made to rocks that cannot be closely matched with any that 
arc now in the making. There is another category of special 
iiiccresc to geologists mainly concerned with rock-structure ajid 
of general interest to the amateur: when moltWi matter is thrust 
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upward uico rocks lying in us padi the intense Heat and force 
of impact produce a more or kss profound altendon in structure 
and texture. Tke same of eff^ is caused by heat generated 

when rocks are folded and crumpled. Rocks altered by heat arc 
metamorphosed, ie. they are changed ixuo something dilfcrent 
foom their original state, limesconesartdunged into crystalline 
marble* sandstones into ^sartzices; shales into schists, and so on. 
Rocks abutting on dykes and sedimentary beds in contact with 
sheets of basalt or other igneous rock chat had squeezed its way 
along paths of least resistance are found to have undergone 
varying degress of mccamorphism. Enough has been said tn 
show how difficult k is m distinguish between structures that 
axe original and characten superinduced by metamoiphism. 
Metamoiphic rocb inchjde both sedimentary and igneous 
classes; it is only in recent years diar modem methods of tech¬ 
nique have enabled geologists to appredace the cransfornung 
effects of agents of mecamorphism. 

A coarsely crystalline metamorphic rode, espedally note¬ 
worthy as a very widely spread constituent ofsome of the oldest 
parts of the earth's surface, b gneiss, very similar in composition 
to granite but distinguished by a more or less r^lar banded 
structure, grey, pink, and dark layen in which foe crystals axe 
easily seen. Some gndses are igneous in origin; others arc 
highly altered sedxo^tary rocks, and it is difficult to draw a 
line between foe two. (^dsses chat are truly igneous and not 
transformed sedimrat owe their banded structure to the arrange¬ 
ment of foe compooent mingr^Lt m layers when foe rock was 
plastic enough to permit movement and fluxion in response to 
pressure. The name ^schist* is given to a flnei^rained crystalline 
rock wifo a tendency to spHc into layers, foequently characcerized 
by glistening surfoces tcflecong light foom crystals of mica. 
Many schists are altered sedimentary rocks; they occur in 
districts where there b evidence of violeQC disturbance and 
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crustal folding. Examples of gnelssic and schistose rocks are 
given in Cliapcer xvn, 

The uatuni history of rocks, especially those that were once 
a liquid mixture of silicates far below depths acccsnble to 
investigation, is a branch of earth-history demanding a know¬ 
ledge of chemistry and physics. Readers who wish to know 
more of this fudnadng line of enquiry should consult books 
devoted to Tcttology, that is, the study of rocks. 



CHAPTBS V 


The Distrihution cf Rocks over the Surface of Britain 

TtaveHni^ chrougb the 3efigifa and breadth of England by rail 
ot road we see compuaovely little of the rodty floor except in 
districts where bilb sad ravines are conspicuous features; hun¬ 
dreds of square mil« are covered with grassland with here and 
there woodland, moorland, and im. On closer observation 
some indication of the natoic of the foundation-stones can be 
discovered; ^ colour of the soil may serve as evidence of the 
kind of rock hes below the sur^. scars on grassy slopes, 
scarps overlooking a over valley, layers of rock in a railway 
cutting, in quaxties and ocher e^osures, and the changing 
character of die scenery. From these and other sources of 
mfonnahcn it is possible to team much about the soEd sab^ 
stratum. On a geological map of dtf firituh Isles the whole 
area is divided into strips and parches, widi distinctive colouring 
to indicate the difierenc pedods, which show the distribution 
of rocks over the sur&ce of the ground. The map ceadies us 
much more than can be seen either horn die air or in journeys 
on land: the rocks are partially bidden not only by culdvadon 
but by the Sequent ocoirrence of t^iat are technically called 
superfldal deposks consisting of widely distribumd accumula¬ 
tions of g c a vd and sand and ridges and mounds of sdff clay 
contuning a miscellaneous assortment of boulders, depones chat 
are the l^acy of the Great lice Age (see Chapter vn). Two sets 
of maps are published by die Geological Survey, one of which 
shows cbe superficial dfj»odrs including die comparatively 
modem sheets of day and odier sediment left by riv er s on land 
bordeiuig dieir lower reaches, material marked on maps as 
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alluvium; the ocher series of maps omits che superficial deposits 
and shows che rocky floor below. 

Making an accurate map of file more solid subscramm is by 
no means an easy matter; an exposure in one locality may be 
separated from che next by a mile or more of intervening 
country where fine rocks are hidden. Ic is however legicunate 
CO assume contmuiry between the two exposures even though 
che connecting rocks cannot be seen if those actually observed 
are clearly of the same age as shown by che fossils or che nature 
of the rocks. In the map reproduced 3, p. fii) we see the rocks 

of difierenc periods in surfiice-view, their distribution in relation 
to one anofiier; but that is not all the informafion given by the 
map. It is not enough to know how the sedimentary and ofiier 
rocks are arranged at the surface; we want to know their 
positions relative to the surface, whether horizontal or mclined 
at a greater or smaller angle. If we look on che map at che 
Pennine Chain lying in a north and soufix direction in Lanca- 
shire, Yorkshire, and Derbyshire we notice a repetition of the 
same sec of rocks on bodi Banks. This repeddon gives a clue to 
che inclmation, or dip, of che rocks and confirmatory evidence 
is supplied by exposures on lull-sides, quarries, and river valleys. 
The central axis CFf che Pennines is built of layers of limestone, 
well displayed in the Derbyshire dales, which form a broad 
arch with youi^er sedimentary beds lying on the sloping sides 
on the east and west. The younger beds above che limestone 
are now confined to the tv/o flanks, but they were once con* 
tinued over che CdCral arch and have been removed by long* « 
continued erosion. See Fig. 8, p. 211. 

Iq some r^oas file original position of rocks fiiac were 
deposited as horizontal or slightly inclined beds of sediment has 
be^ almost completely retained: great blocks of fiie earth's 
cruse have been lifted up without being folded and now lie in 
regular layers of Nature s masonry below tablelands and 
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prairies. Much Taliuhle mfonzutioQ on die undc^round dis¬ 
position o£ rocks is finished by deep bonng &om which cores 
drilled by cuttuig cools can be examined. Bores sank in che 
London area reveal the czisunce of a very old folded ridge chat, 
in che remote past, was a range of momcains stretching across 
che soudiem part of England and beyond to che Condnenc. 
This hidden r el ic is all fbat remains of a corrugated rib of 
Palaeozoic rocks once a prominent featoie in the landscape: 
after Ics elevation ftom an indent sea it was ei^osed Co erosion 
and eventually sank below che waves where che denuded roots 
of the hills served as a platform for the piling up in lacer ages of 
che chalk and ocher rocks diac in chdr turn came to be pares of 
the land. 

How, it may be asked, is it posable to ce^ cocks seen at the 
surface to their respective places in the geological Cable? The 
answer is, by observing the relative positioD as seen in exposures 
alo^ by die sea, in over valleys and elsewhere; also by 
comparison of fossils collected from che sedimeocary beds. As 
a general rule the ordedy sequence of rocks as seen in che free 
of a clifr is a safe guide to age, die lower beds being the oldest 
There are, however, notable exceptions: otte of these, furnished 
by roeb in the Scottish Lowlands, is briefly described here 
because it serves as a particulaily instructive illustration of 
geological mapping in a district where Nature seems co have 
see a Crap for men who seek to pry into its secrets. Before 
giving a much account of this example of complicated 

scruccure a short digcesskm may be nsefblly made on die value 
of certain kind.< of fossils as guides co die determination of 
geological age. Some animals and plants are blown to have 
persisted with comparatively lictle change diroogh several 
periods; others endnred (ot a short time and vanished: die 
Uccer, short-hved cypes are often spoken of as index-fossils 
because their occurrence in a partkulaz layer of a chick of 
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rock serves to cLk the bc^ in which the fossils are found. Two 
examples may make dearer the employmenc of fbssih as tiinc 
nuikers. In £ogl2nd and northern France the reaches a 
of several hondred fset. representing an enormous 
lapse of tune. For purposes of correLfing exposorts of so duck 
a rock ie is important to have some means of ascertaining 
whether wt are looking at parts of die older, middle or newer 
stages: in other words, is it possible to distinguish horizons? 
Sea-urchins ate abundant as fossils in the rthallc and often well 
enough preserved to enable an expert to disdnguisb with con¬ 
fidence one species &om another. Several years ago an English 
doctor. A. W. Rowe, took np the study of fossil sea-urchins 
as a hobby and collected enormous numbers at many localities; 
he found that species of a genus called Mkrasttr are confined to 
certain well-defined levels or honzoos and therefore could be 
used as trustworthy tndex-fbssila. When he found MUrasUr 
spedes A he was able m say that diis layer couM be described as 
the zone or level conveoioitly called Murasier A (the specific 
name is omitted). Thus by means ofdi&rent species of this genus 
he was ahk to compare the age of the rod: in widely separated 
districts. Another example is furnished by fossil species be- 
loagiug to a wholly extince gronp of marine animals, the 
Graptolites—so called fiom thdr resemblance to macks 
by a lead pencil on slate (Greek, I write). Graptolites are 

characterisbc fossils in some of die older Palaeozoic sediments; 
they are telativeiy simple in con stiu ctioa and may be compared 
widx membeis of a Hnog group known as Polyzoa, so named 
because they are colonial antmaU in the that numerous 
minute individuals live together in a supporting fiamewock 
made ofachidnousor homy materuL Ceit^ kinds of Polyzoa 
common mi sea-beaches are often rtustaken for feathery sea¬ 
weeds, light brown in coloor and a fl^ indies l<mg. Graptolites, 
like Polyzoa, w ere animals. Species Hv^ but a short 
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time and the fossi] remains have, therefore* a short vertical 
range in the rocks containing them. In the Scottbh Lowlands 
in the region north of die Solway Firth extending inland from 
the coast near Ballantrae there are many highly inclined beds of 
shale, diat is, old muds from die sea^floor: these beds as seen in 
exposures apparently form a perfectly regular secies arranged in 
the order of reladve age; the beds d, b, c, d, e seem to be in 
sequence, a b^g the youngest. When graptolites were col* 
lected it was discovered chat certain species occurred in bed a. 
then disappeared and none were found in beds h and c, where 
their place was taken by ocher species; but in bed d the species 
of bed h reappeared, and in bed e those of bed a. This recurrence 
of grapcoUce faunas was worked out more than sixty yean ago 
by Professor Lap worth ofBinmi^;ham, one of England's ablest 
and most original geologists. 

He showed that the reappearance of the faunas in inverse 
order was a tectonic and not a depositional phenomenon, due to 
overfblding with part of the strata inverted, The roning of the 
older Palaeozoic rocks by the same methods as have b^ used 
in newer rocks was thus made possible and used to unravel 
highly complicated geological structuces. 

. In the chapters devoted to descriptions of geological periods 
many examples are given of folding of die earth's crust. The 
regular succession in parallel series of layers of rock inclined at 
var^g angles is the result of upheaval of part of the earth's 
aust which disturbed the originally horizontal beds: when 
upheaval was less gentle the crust was folded into regular, 
symmecrical arches and troughs; when the pressure was greater 
die folds became steeper and the limbs of the arches and troughs 
asymmetrical. If a pile of coloured layers of cloth is pressed 
down by a weighted board and the ends forced towards one 
another the compression causes the layers to fold into arches 
and soughs. Another method which has been described 
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illustrating the result of bceral compression is to spread dry 
stucco powder in thin layers between dicker layers of damp 
sand of difi*ereQt colours; the powder sets into hard brittle 
laminae. These were placed in a box ^8 in. broad and 3-5 ft. 
long; one end of the box was movable and could be pushed 
against die layered mixture. On removing one side of the box 
it was easy to £bUowthe efftets of pressure applied to the movable 
end of the box. It was found that not only were the layers 
folded, but increased pressure produced ftactures; the hard 
material could not accommodate itself indeilnitely to the strain 
and cracked across, as more pressure was applied the crumpled 
layers on one side of a crack were forced over cliose on the other 
side, oveithrusts were produced and layers due were originally 
near the bottom of the box were pushed over laycn chat had 
been above them: the order of formation was reversed. This 
experiment gives a true picture of the effect of strains, com¬ 
pressions and tensions which have repeatedly changed the ftce 
of the earth's surface: hard and apparendy unyielding rocks have 
been bent, folded, and broken. Under enormous pressure and 
high temperature rocks become plastic and bend: they also 
behave as a brittle substance and, as in the above experiment, 
become fissured and crack. Such fissures In the caich^s crust are 
blown as faults and many examples are shown on geological 
maps. Faults are by no means confined to rocks that have been 
folded i daey occur also in horizontal roeb. The angle of inclina¬ 
tion of the ftult-plane varies considerably, many are almost 
vertical fractures but, as we shall see In a later chapter, some are 
more nearly horizontal than vertical. Coal miners are familiar 
with ftults: after following a seam of coal for some hundreds 
of yards they ffnd it suddenly comes to an end, its place being 
taken by another kind of rock: at die junction between the coal 
and the other rock diere is much broken material made by the 
action of disruptive forces. 'What happened is this: the coal seam 
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with the rocks above and below it was fractured under strain 
and the rocks on one side of the rent slipped down or were 
forced upwards so that continuity was brok^. In regions where 
compression and crustal movement have been exceptionally 
great, blocks of rock arc Imown to have been pushed several 
miles along an inclined plane of fracture over the tom surfaces 
of rocks ihAt were onginally above them. 

Looking at a scries of rocks es^sed on a hiJI-tide or in a 
valley one occasionally notices chat some of the layers are more 
or less horiaonul whereas other layers lying below them arc 
inclined ac a contiderable angle. An example wiH make this 
dear. In Fig. 9, p. 225, the lower layers are more highly inclined 
chan the rocks above them. The surface of the Iwer beds is 
uneven and, it may be, a conglomerate lies between the upper 
and the lower series of beds. This junction between the rocks 
where the boundary has been worn down mco irregularities is 
called an unconformity. The lower, more steeply indined rocks 
are part of an upraised sea-froor which became land; ae a later 
stage the land subsided, some of it remained above water-level 
and some of it lay under a shallow sea where, at the base of the 
cliff formed by the higher portion, the waves piled up a shingle 
beach that is now a conglomerate. As the ground sank' to a 
lower level sand and mud were deposited on its submerged 
sujfrce, The important point is that the unconformity is evide^ 
of a long interval during wbucK there were oscillations in the 
level of land and sea. 

In order to appreciate the extent of country covered with 
cocks of the same geological period and representing similar 
conditions of sedimentation we shall take a journey from the 
Dorset coast, starting from the white clifis of Bat’s Head, 
a few miles southeast of Dorchester. From Dorchester we <ball 
travel in a north-oasterly chrection over Salisbury Plain co 
Marlborough, then eastwards to High Wycombe, through 
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Dunstable to Hkchm, past Cambcidge, ditougb part of $u£blk 
and Norfolk the Anglian coast on the borders of the 
Wash. In the country traversed there are many difieient scenes 
and yet there is a remarkable xmilbnnity in the colour of die 
soil» in die curves of the h^hec ground and in die whiteness of 
the rocks exposed in pis and the scarred flanks of roonded bills 
with a sparse covering of soil supporting a characttrisdc vegeta¬ 
tion in ^Aadi beech plays a conspicuous part Crossing the 
Wash and hearing to the north-west along the rising ground 
overlooking die flat seaboard of Lincolnshire, then aaoss die 
Humber, still keeping to the amg line of hills and bearing 
towards the east, we come to Hamhorough Head, where on a 
grander scale than on the Dorset coast we end our journey as 
we b^an it, on a chalk di£ We retrace our st^s to Salisbury, 
and instead of going north, we rum east to Winchester and &om 
diere aloi^ the ridge o£ hills into Sussex and so on over die 
Downs to Lewes: bearing sl^hdy towards the soudi we reach 
an abrupt temunus of the chalk at die majestic basdon of Beatty 
Head overiooking the EagUsh Channgl, across which the £i^- 
lish downland was once joined to the white of France. 
Returning to Winchester we follow the Downs to the north 
and a little south of Basingscoke cum eastwards to Dorking, 
past Rochester and south-case to Shakespeare's Clif at Dover, 
where again we see the btokoi end of a great rib which at no 
very distant date united die land chat is now an idand to the 
land we know as France. In diis expedidon it would require 
more dun passing glances at the scenery to convince a CrawUer 
of the persistence of the same kind of rock. Where the ground 
is reladvely high it is easy to recogniae die fen^diar quahdes to 
which die downland owes is chamx, hot in many districs the 
chalk is hidden by gravel and ocher sur&ccaccumuladMu. These 
saverses iHusCrate the dominant rdU played by a pirdoilar kind 
of rock in controlling md moulding scenic ^mr^. 
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The next tour it selected as an example of the variecy and 
range in sauccuie and scenery which is readily appreciated as 
we navel across the breadth of England. Starting Lan¬ 
caster we follow the L.M.S. railway in an easterly direccioQ to 
Giggleswick in Yorkshire. Lancaster is dcuaced on rocks which 
axe hard and compact masses of rather coarse sand known as 
Millstone Grit: diese rocks form a ridge to the $ou^-east of the 
town and die pro£Ie of some of the hill< seen against the skyline 
ends abruptly in a shorter and steeper face at the end of a loi^ 
and gende slope dipping away &om ic. This characteristic 
feature is often seen in districts where relatively hard soft 
rocks form an alternating series of beds with a slight inclination. 
A river will more easily cut a channel in the soft beds of shale, 
but when the harder rock is reached the valley will be broadened 
by the removal of the less resistant material; as tliat is eroded* 
die overlying harder rock will gradually &11 away along 1 iTiA< 
of weakness due to joint-planes at right angles to the bedding. 
This is the process by which escarpments are made. At Giggles- 
wick the scenery changes* bluish grey pHffg replace the more 
sombre and less impressive grits. We have passed ftom one 
subdivision of the Caiboniferoos formation—the Millstone Grit 
which was deposited in the delta of a river flowing horn a 
northern land—to another and older stage of the same period 
represented by the Carboniferous Limestone which is made of 
shells and corals and a great variety of other mann&. refuse ftom 
the floor of a clear sea, From Giggleswick ^ pass along the 
valley of the Ribble with flat>topped Ingleborough on the left: 
turning east we make our way to Grasdngton, where the lime¬ 
stone hills give place to hills and escarpments of grit* a repetition 
of the soiface features ftrtber west. From Gras^gton we con¬ 
tinue ease over a belt of geitty rocks to Knaresborough where a 
diflerent kind of rock that is rich in Hme and magnesia lies as 
a band ftom nordi to soudi on a sloping foundation of Millstone 
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GriL The Enaresboroogh rock is a limestone of ^e Permian 
period and the source of the so'oalled petnfjing springs that 
should rather be encrusting: it trends north and near 

Darlii^con bends eastwards to the coast, where it forms the 
buff-coloured cli£ hom Hartlepool to Soudi Shields. From 
Knaresboroi^ we reach dte Vale of York, which owes its 
Batness to the softer and iss resistant nature of the underlying 
sedimentary beds deposited in lakes in a semi-desert 

country of the Triassic periocL ^om York, where the actual 
sut&ce is made of material deposited &om an ice sheet on the 
Triassic platform, we continue north-eastwards to the steep £tc« 
of a plateau where harder rocks of the Jurassic period form the 
western margin of the £a$t Yorkshire moors bounded on the 
east by the sea. The Jurasac rocks of dte undplacing moorland 
and the long line ^clifi horn Saltbom to beyond Scarborough 
include sandstones, gcics and shales and some limestone, a seriea 
which can be Oaced dirough Lincolnshire along the cHff on 
which stands Lincoln Cathedral, through Rutland. Noithamp- 
tonshire, Oxfordshire and £nally to the coast at Portland Bill. 

We will now make one more osrvetse: starting Bom Caer¬ 
narvon Bay in North Wales we ascend Snowdon, one of many 
mountains in Wales and the LakeDiscrics built in great 

part of volcanic ash and marine mud geoed and deposited on 
the Boor of a sea m the Ordovician period long before (he stage 
of earth-lustory represented by the hills of West 

Yorkshire, Derbyshire and south-west England. Through Den- 
btgbsliire to die Vale of dwyd, along sehich the river Clwyd 
Bows CO the sea at Rh^ we soon rea^ an entirely diderent set 
of rocks, some volcanic in origin, odiers Aat are upraised beds 
of sand and clay. Farther east we come to Carboniferous Lime- 
stone and Mdlscone Grit: fb^ over the Chmluit plain where 
the red soil and occasional meres lie on rdatively sod rodcs 
containing salt beds of commerdal value: beds, like rh^ 
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under the plain of York, are of Triassic age; they were deposited 
in laVgs comparable in the high percentage of salt with the 
Caspian and the Dead Sea. Faxthet ea$t we are once more in 
a Carboni^ous country on locks chat axe continued north to 
Derbyshire and Yorkshire. Resting on icclined beds of 
scone Grit are sandstones and shales widi intercalated seams of 
coal reached by the shafb of Nottiagha,mshire collieries. To the 
east of the coal-bearix^ senes (Coal Measures) is a strip of 
limestone, the same we saw at Knaresborough. and beyond is 
lower ground made of red rocks like those of the Cheshire plain 
and the Vale of York. Passing into lincolnshixe we see a ridge 
of Jurassic rocks which is a direct continuadon of the cliff horn 
which'die cathedral of Saint Hugh of Lincoln looks down on 
the Eatland to the east, and the ridge of later dace made of 
chalk, and beyond disc the sea. 

in travelling over the country as we have done we are con¬ 
stantly made aware of the close connexion hecweec the smiccore 
and relative hardness of rocks and the varying scenic features. 
There is, for example, a zoarked contrast between the Snowdon 
range and the Pennine Chain, which are made of very di£erent 
rocks, different in age^ origin, and texture, in the type of scenery 
they produce. We have not as yet seen all the consdtuenis of the 
rocky mosaic of England and Wales; we have not met with 
examples of the oldest geological period which are described 
in Chapter xvi, but enough has been said to give a general idea 
of what is meant by the geological structure of a country as 
seen in surface-view. From observacioiu at the suffice supple¬ 
mented by data hirtushed by natural and artifidal exposures, 
it is possible to construct geological sectiom which present a 
picture of the inner structure of the crust such as would be seen 
were it possible to cut a deep trench through the rocks from one 
side of the country to the ocher. In a horizontal section drawn 
from North Wales to the Nordi Sea some of die layers of rock 
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would appcat ui regular, oider; othen would be l($s 

ccgukr, iodiiied Co ooe anocher at diHereac angles and uncon- 
^bniublc; some would appear crompled andiblded^andinmany 
secdoDs we should seebreaks i& continuicy caused by &actures> or 
Allies. All these fearures^terealed by secoom, burnish valuable in> 
formation from whkh icis possible to see m the dlspodtion of the 
rocks an ^licome of their history. One stiildiigBict that emeses 
from a section drawn from Wales to the North Sea is die 
occurrence of older ibrmations csi dse west and the younger 
rocks cowards the east: the w e stern rocks are relics of the most 
andenc portions of the mist on the fianb of which successively 
younger sedimencary beds were deponred. 

hi structure and scenery Scotland presents a striking contrast 
to England. Parts of the HigU^ods may be compared to the 
mouncams of Waltt, but cm the whole die country north of 
the Border is a sw ^enem bodi in the plan of Its foundation- 

stones and in die evidence cfsapeodoos fbldii^ and disruption 
recorded in their stmerure and arrangement. The following 
brief description is intended to serve as an introduction to 
references to Scottish geologyin later chapters. In England and 
Wales rocks of the oldest periods of earth^istory are rare and 
confined to compantrvely small areas: in they play a 

much more important idle bodi in their wider distribution and 
dominating features in the semery. To the great m^ority of 
people a view from one of die vantage points in the 
Hi glands, such as the summit of Ben Nevis, would convey 
the impression of a jumbled coUecoon of mountains and glens 
with no indication of an earlier and more nniform plan, i the 
same scene is viewed widi broader vision and die inequalities 
are fitted into a compreheasrve picture based on a truer per¬ 
spective it is possible to superimpose upon the present confusion 
a quality of orderliness and to obtain a glimpse of an earlier 
stage in the developmou of the Highland landscape. Two 
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geologic unriTalled in ^eir knowledge of the geolc^col 
structure of the Highlands and Lowknds wrote: 'Scotland may 
be r^arded as a mountainous and hilly country, but, in reality, 
it is a dissected tableland of no great elevation and of extremely 
complex geological structure.’ This is an illustracion of the 
ability of a trained observet to reconstruct from apparently 
inextricable confusion the setODg of the scene as k was. If 
disregarding minor di£^erences in height, we draw a line over 
the mountain tops and liigher ridges, we realize chat we are 
looking at a high tableland before it came under the destructive 
effects of erosion and denudadcn; we see a block of the earth’s 
crust that in the course of millions of years was carved into its 
present state by rain, &cst, and other tools acdng upon hard 
and relatively soft material and aided by of weakness 
caused by fracture and dislocation. When we go deeper into 
the foundations of the Highlands the task of visualizing the past 
becomes much more diffigilt; as knowledge inaeased new 
problems eme^ed and many early interprecadons of the geo« 
logical structure had to be abandooed. The secrets of the High¬ 
lands have been partially but only pardally unravelled: hcts 
wrested from the cocks furnish the most remarkable exan^le 
in the British Isles of the behaviour of the earth’s crust under 
intense pressure both as a brittle and a semi-plasdc material It 
is in the Highlands of Scotland that die comparison with the 
behaviour of waves in a turbulent sea, based on a description 
by Conrad, is most applicable (see p. 8). 

Scotland is naturally divisible into four major regions based 
on natural features. 

1 . The Northern and North-West Highlands, including 
Caithness with Duncansby Head at the aorth-eascena comer, 
Sutherland, I(oss and Cromarty, and farther soudi to the south¬ 
western part of Inverness-shire. Tlie southern boundary of the 
Northern Highlands is Glen More or the Great Glen stretching 
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6 oni Lodi r in die $oadh>we$t, the lodi which starts firom 
the eastern eod of the Sound of Moil and eztends fir into the 
mahiJand, passing through Loch Ness to Inverness and the 
Moray Rrth. This diagcsal ltp<* marks the position of a fracture 
known as the Great Glen ^ult, vdikh divides the Northern 
from the Grampian Highlands, along which the once continuous 
layers of rock were dislocated and chose oa one side dipped 
sideways frr beyond thdr former posidon. Within the North- 
West Highland region diecc are two clearly defined sub-regions; 
one of these, including die oldest rocks in Scotland, is a narrow 
strip more than too miles long on the edge of the western sea¬ 
board from Cape Wrath and Durness to the Point of Sleac, the 
end of die most southerly ptomontoey of the island of Skye. 
The scrip includes the most andenc pre-Cambrian gneiss, thick 
masses of grit and sandstone, known m the Torridoniao ibrxna- 
tion from Loch Torridon, belonging to a much later stage in 
die long pr^Oambrian era, and upraised sediments from Cam¬ 
brian and Ordovidan seas. The second suh'iegion conrists of 
an inconceivably complicated series of rocks, mainly crystalline 
schists that were originally beds of sediment, and extends east¬ 
wards to the coast with the Great Glen Fault at its southern 
boundary; it is separated from die other sub-region on the west 
coast by a north and south fracture known as the Moine thrust- 
plane, that is, a fruit of low mrKnarion along which enormous 
blocks of disrupted rocks were thrust a distance of many miles 
from their original podrion. The rocks on the eastern side of 
the Moine thrust-plane include the Moine Schists, believed to be 
pre-Cambrian, though their predse age is soil under discussion, 
and large areas of Old Red Sandstone, which forms the high 
vertical ch£ at the north-east comer of Caithness and occurs 
in patches along the edge of die North Sea to die Moray Firr h, 
U. On the south^easttm side of the Great Glen are the 
Grampian Highlands, made in great part of Daliadian (named 



OTEfi TBS SUSFACE OF SftlXAlN 


73 

horn the old Celtic region ofDaliaida) schists but including a 
considerable variety of igneous rocks, which form the highest 
mountains in Britain. The Grampian, or Central, Highlands are 
bounded on the south by a great &accure parallel to the Great 
Glen, the Highland Boundary Fault which cuts diagonally across 
the country &om the clifis at Stonehaven a few miles south of 
Aberdeen in a south-westerly direction across the valleys of a 
series of rivers, die Esk, die Tay, and others flowing from the 
mountains on the north, through the southern end of Loch 
Katrine and Loch Lomond to Greenock on the Firth of Clyde. 
The northern border of the Grampian Highlands is the straight 
cckast-line from the Moray Hrth to Kinnaird Head, and the 
eastern boundary is the coast from Peterhead and Aberdeen to 
Stonehaven. In addition to the large areas occupied by schists 
like those on the eastern side of die Moine chrusc-plane and by 
others more varied In compositioQ there are enormously thick 
piles of Old Bed Sandstone beds in both the Northern and 
Grampian Highlands regions, and it is certain chat in former 
ages they were overspread by Old Red Sandstone as well as by 
younger rocks. The south-western border of the Grampian 
region is the fiord-indented coast immediately north of the Isle 
of Arran and including the Mull of Kintyrc, Loch Pyne and the 
Firth of Lome. 

!□. The third region, very difrerent from the frxst and second, 
is caUed the Midland Valley or the Central Lowlands. It is 
limited on the north by the north-west-soudi-east Highland 
Boundary Fault and on the south by another roughly parallel 
fruit separated by a distance of 50 miles; this is called the 
Southern Uplands Fault, and extends from Dunbar on the east 
coast by the Lammermuir Hills in a south-westerly direction to 
Loch Ryan across the Rhinns of Galloway. The Midland Valley 
includes the Firdi of Tay, the Firth of Forth, Ediabu^h, 
Lanark, and Gla^w, and the south-western border is on the 
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shore of the Rrth of Cty<lo. Hk r^on is one of many acamples 
ofa rijive{iey,ihstist ablockofcouiuryaotnecessanjy alow- 
lyii^ yalley or cha$m, but Qono ^ less structurally a valley 
because it lies between two parallel &ulcs along which the lo^ 
slipped downwards. In this xi6 valley the country is unduladng 
and the scenery varied, short ranges of hills and smaller isobted 
bosses rising above die more low-])izig bnds: this contrast in 
elevation is a direct result of diderendal weathering of harder 
and softer rocks. Hie narrow belt of hilly ground parallel to 
the faub on the north includes the Sidlaw Hills north of die 
Firth of Tay, the Ochil Hills not ^ from Srirling, the Campsie 
Fells, and the Kilpatrick Hlhs a few irtWe^ north-west of Gla^ow; 
ail these hills consist largely cfrocksofvokanic origin belonging 
to the Old Red Sandstone and Carhonxferons penods. Small 
bosses and sheets of hard intrusive roc^ stand out as prominent 
features, such as the rock on whicb stands Stirling Garde, the 
smaller hill crowned with the Wallace MemoH^ Arthur’s 
Sear, Salisbury Crags and die Casde Rock ac Edinburgh, and 
other necks and pings of old volcanoes. North Berwick Law, 
Dumbarton Rock on the Clyde, the Bass Rock and others. In 
the Carboniferous and Permian periods die Midland Valley 
was the scene of prolonged and widespread volcanic acQviry. 
The lower ground is by Carbonifrrous and Upper 

Old Red Sandstone sedimentary beds which rest on folded 
rocks of older periods. 

IV. The SMCtishreglon beyond the Bnglidi border is known 
as the Southem Uplands or amply as the South of Scotland; 
bounded on the north by tbe fruk along the diagonal southenf 
border of the Midland Valley, its south^ \im\r is the Solway 
Fifth and Ae CheviotHilU, and a gnall d»ma inrJiiding TUr^rb 
is poEtically included in England. Hus Soudiem Uplmd r^on 
is a belt of high groond from the Irish Cha pel to die North 
Sea, through country of smooth, rounded hills covered widi 
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grass or heather, wida Moffat in the centre; the north-eastern 
end is barely twenty miles broad, from Dunbar to Berwick. 
Iq the south-western district blocks of granitic rocks at CciScl 
on the edge of the Solway Firdi, in die Loch Doon district and 
elsewhere give a more rugged and wilder aspect to che landscape. 

' Most of the region is formed of highly folded marine sediments 

of die Ordovioan and Silurian periods; a much smaller area 
consists of Carboniferous and Old Red Sandstone rocks and 
patches of Permian beds. Here too there is evidence of long- 
continued volcanic activity in the Old Red Sandstone, Car¬ 
boniferous, and Permian periods. 

The Shetland Islands consist partly of crystalline schists,' 
' perhaps of the same age as those forming the Grampian Moun¬ 

tains, and also of Old Red Sandstone. The Orkney group of 
islands is carved out of a plateau of Old Red Sandstone at the 
^ south-west promontory of which stands the Old Man of Hoy, 

a pillar 450 ft. high of Eagstones resting on a plinth of igneous 
rock. (See Place VIII.) 

The Outer Hebrides, from Barra Head to the Butt of Lewis, 
are outposts of the oldest pre-Cambrian rocks worn into 
smoothed sur&ces by die ice sheets of the Glacial period. The 
most striking scenic features of the majority of the Western 
Isles are the terraced hills of basaltic lavas and the high rugged 
peaks of the Cuillin Hills of Skye: these islands are dismemb^ed 
relics of a vast plateau of igneous origin (see Chapter sc). Rocks 
of the Mesozoic era are very poorly represented in Scotland by 
^ patches in a few localities; it is, however, certain that Jurassic 

and Creuceous beds were formerly much more widHy dis¬ 
tributed over the older rocks and have been almost completely 
removed by erosion and denudation. 


i 


CBAPTBR VI 


Medah of Cttation 

A good many yean ago wfaea aadion were less selfH:onsciou5 
in the use of ritW carrying an implicadon of orthodoxy, one 
of die early Brid^ geolc^iso wrote a bo^ about fossils which 
he called Medals of CreaHon. What is a fbsal^ The name implies 
something dog out of the ground {Jossum^ hut chat is an 
incomplete definition. The dismcecttd body a cat is not in 
die strict sense a fossil; it was boned by man, not by Nature. 
A popular misconceptioii of fbsals is dm they are dungs turned 
into scone—petri&ctions: many of the most valuable and in- 
formatiye fossils are pecri^cdons; they are unfoctunacely rare. 
The state of preservadcm covers a wide range. It is not uncom- 
znon to find on the surface of a bed of sandstone, as for example 
slabs of New Ked Sandstone in Cheshire and the Midlands, 
impressions of footprints made by animals char had walked 
over the sand when it was sof^ leaving no ocher record. One 
ofco} sees various kinds of tracks on a beach made by animals 
crawling over or burrowing mco the wet and and impressions 
of the fim of birds: amilar tracks imprints occur on rocks, 
and tn the l^ht of aonal yeomens found at ocher localities it 
is often possible to identify die creatures which made diem. 
Some fossils differ very l i^ fiom living or plans: 

hones ofelephans. hyaenas, and many otha former inhabicans 
of Britain preserved in caves and old river gravels ate exaedy 
bice bones; trunks of trees in pear, blackened like bog-oak, 
retain the woody structure intact: axe true fossils. The 

carcase of a mammoth discovatd in 1S03 in froaen soil on the 
banks of the river Lena in Siberia in lat 70^ N. was almost as 
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fresh as when alive and the Hesh taken from coM storage was 
eaten by wolves. In ipoi, after a peasant had related the dis- 
CO very of a ‘great hairy devil’, members of an expedition 
o^anized by die Kussian Academy of Sdence found other 
bodies of well-preserved maoimothr, one of which had a 
factored pelvis and right fore-leg, probably the cause of death 
while the beast was trying to extricate itself from the frozen 

The state of preservation of shells varies considerably; many, 
especially those in sedimentary rocks of the Tertiaty era, may 
easily be mistak,en for shells picked up on a modem beach: 
some shells have been hardened and altered by chemical change 
brought about by percolating water charged with mineral 
substances. Many fossils retain nothing eidxer of die shell or 
body of die animal; they ate merely casts. There ate several 
kinds of casts: in a sandstone quarry, fbt example, in a coal¬ 
mining district, one often fmds stems showing external markings, 
also the shape and nze of die plant, but no trace of the actua 
substance remains. A piece of stem, embedded in sand crumbles 
and falls to pieces, leaving a cavity or mould in the encasing 
sediment; on the surface of the cavity there is a clearly de£ned 
impression of the outer 6ice of the original stem. The mould 
may afterwards be £lJed with sand carried by percoladog water 
and dus filling matedal makes a cast of the stem, though of the 
seem itself nothing remains. Similarly one finds fossil shells 
bekii^ the shell and represented by a cast in stone made of 
material introduced into the space left on die removal of ih.c 
calcareous substance by the solvent acdon of water. Casts of 
this occur in Pordand stone; the form of the marine 
creature is reproduced in hardened chalky mud that replaced 
the soft body; between this intemal cast and che surrounding 
rock is a narrow space originally occupied by the shelL 

A cast of a stem in a sandy or shaly rock is sometimes covered 
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with i film o£ COAI7 material whkh is all remains of 
the triDsfonuei oour part of the plant Tlxe greater part 
of a twig or leaf embeiided m sand or clay dinntegrates 
and the plant substance is emtaally transfbimed into a 
f^in layer of coal on the ori^nal surfice'T&atuces may 

be clearly visible, sudi as the veins on a leaf or the pattern 
of the bark, hi yean methods of chemical treat¬ 

ment have been devised by means of vduch the black film is 
rendered transparent enot^h to be microscopically examined: 
in this way it is possible to make out die structure of the cells 
compo^g die superfidal skin, or cuticle, of leaf or twig and 
thus obtain valuable and trusT W O r thy evidence of relationship 
CO »Ti<ring plants. The great advance in our imowledge of the 
vacation which grew on the borders of Old Red Sandstone 
laf« is mainly due to die SDCcessful use by Professor W. H. 
T^ng of Manchester of an technique enabling him to 

extract fiom and hopdess-looking scraps information of 
the gccacest value. Fosals idikb seem worthless should not be 
discarded by collectors btdbie diey have been submitted to 
exp e r t s familiar widi modem methods whkh often give almost 
magical results. One of the best examples of the possibility of 
obtaining much out of very litde is the descripoon by Professor 
T. M. Harris of Reading of a plant long known as NaiaJiia, 
which grew in a chalky ooze on the floor of a Rhaedc and 
occors over a considerable area at many localities fiom east 
of the Mendips in Somerset to South Worcestershire and 
Warwickshire. The specimens, even the best of them, are in 
small pieces and at first sight fitmLsh little or no evidence of 
their botanical nature. The name NmaJiia was given to this 
fossil in 1844 becanse it was bcTicTcd to be allied to the small 
submerged flowering plant Saias, that has an almost woHd- 
wide dUmbadan. Many peopk collected material and made 
guesses on affinity, but no sads&ctory coocluson was reached 
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undl Professor Harris, wich the help of & simple Cechnique, 
succeeded in convertiiig speculadon info well^tablished fact 
The spedmens—some of che best arc from the Bristol district 
(Redland)^-aie usually very small bits of slender stems not 
exceeding ij in. in leng^» with very chin leaves like minute 
blades of grass or sometimes narrowly oval. By immersing 
pieces of che rock in parai&i (kerosene) and focusing che micro¬ 
scope on to the fragmenu it was possible to see che structure of 
the cells and to detect well-preserved female reproductive 
organs, practically identical with those of mosses, small cups 
containing gemmae, that is, minute buds which are easQy 
detachable and serve as a means of reproduction, spore-capsules 
with spores, and nomerous tabular hair-like <^11 f which served 
as hold-frst and absorbing organs. Some of ihe best spores were 
obtained by dissolving the lime in che rock in hydroridoric add 
and then removing the sandy (siliceous) material by maceration 
in hydrofluoric acid. For a full and well-illustrated description 
reference should be made to Harris’s British SjiAttic Flora, pui^ 
lished by order of tiie Trustees of the British Museum in 193 S. 
The important poinf is that these discoveries definitely seeded 
the nature of NaiaJita and proved beyond all doubt that it is 
a member of the class Bryophyia, which includes Mosses and 
Liverworts; the latter are rather simpler plants than mosses and 
commooly occur on damp gravel paths, walls, tree trunks and 
by hedgerows. NaiaJita agrees' most closely in general appear¬ 
ance with some of the smaller living mosses; in other respects 
it is nearer to liverworts, to which subdivirion it is assigned. 
It is an extinct type though closely linked with existing genera 
of Bryophytes, a Rhaeric member of the ancient group of 
Liverworts which was represented hy various forms m the 
forests of the Coal Age. 

Fossils are occarionally preserved on tiie spot where che 
animak OE plants lived: remains of coral reefe mark che sice of 
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tte& boilc up in seas by coral-fomui^ polyps (Cbipter 

to, p. 40}: of shells cpf the kind ciowdttl together on a 

rock tell us of baob of oyster-like and ocbei bivalves; stumps 
of trees with roots pesetraong the rock are relics of forests 
preserved in situ. Remains of marine molluscs in a bed of shale, 
sandstone, or limestoue are shells that fell K> the bottom of the 
sea on the death of die animal a^uch lived in them. Zn many 
Instances fbsals were preserved in sedimentary rocks fat £rom 
their original home: pieces of petrified wood, seeds, firuits and 
twigs as well as bones and were carried long distances by 
currents, as drift-wood and other refuse fiom the land are 
transported many milas beyond (he month of the Amazon, die 
Ganges, and other large rivers. 

Reference has already been made to pecnf^oss, that is, 
fossils in wbith the intemal structure has been rendered per¬ 
manent by die infilcradon of carbonate of Hme or alka and d3.e 
gradual replacement of the delicate fiamewock by mineral 
substances. In order to eramine mkroscopically a petrified 
stem or ocher plant fiagment secdons are cue by a revolving 
metal disk and then ground to a transpaiient thinness and 
mouaced on a sHde; another and simpler mediod is to treat the 
fiatcened sur^ce of the specimen with add which dissolves die 
petrifying mineral but leaves intact die plant tissues; a thin layer 
of a cellulose solution is spread over the fbsdl. and when pcded 
off it has embedded in it die plant cells and can be mounted for 
the microscope. Looking at a sccdchi or fiim under the micro¬ 
scope it requires an etfbrt to realize thar the delicate network of 
cells is pan of a plant which lived more than aoo million years 
ago in a forest of the Coal Age. The cells are as disdna as chose 
in a seccioQ. cut from a livii^ tree and we seem to see them not 
as lifeless diings but as cells soil playing didr part as units in a 
Hving udiole. 

In diis short and sketchy account it is impossible to mcndon 
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more chan aiew of the man y lfinA< animah and planes: 

ibr further infbnnadon refereace must be co cexc-hooks 
on Palaeontology, due is. the Same of Aodenc In lauc 

chapters some account is ^ven of fbsnls of different ages, and 
in the £iul chapter an artempt b made co CMvey a general idea 
of some of che numerous problems on which light b thrown 
by records of life discovered in che rocks. It muse be remem¬ 
ber^ that che records available to us are hue small in proportion 
CO che numbers of animals and plants which left no memorial. As 
Darwin said, the fossils in the earth’s crust are coUectioos made at 
haaard and ac long intervals: else geological record is necessarily 
very fragmentary and imp e rfe ct and gives us only a glimpse of 
the teeming life on the land and in die seas of former ages. The 
best way of fetrning a true estimate of die imperfection of the 
geological record u to observe what is happening now. With 
few excepdons rocks mn raining fossUs were origiiully 
on sea-doors, In lakes, river deltas and estuaries. Knowledge of 
piano of former ages is based mainly on twigs, seeds and leaves 
carried by rivers with and and mud—samples of vegetation 
b^wn by wind on to the flowing water or contributed by 
plants dislo<^ed by the imdennining of banks. The imponant 
point is the re s tricted area ftom which spedmens preserved as 
fossils have been derived: animalt and plants living in places 
beyond the reach of screams and rivers would crumble to dust 
widiouc leaving a legacy to future ages. Old surftco-soils. with 
certain notable eitcepdons (see Chapter m), are eve; che great' 
majority of fossil plants occur in of water-borne sediment 

deposited some dbcance away ftom the place where fee forests 
grew. The records of plant life are of necessity not in fee fullest 
sense representative samples and give only a partial and it may 
be a misleading picture of che contemporary vacation as a 
whole. 

Zimescones are often rich in <hglh and corals and occasionally 

6 


se 



M2BALS OS CREATION 


remains of seaweeiis which bad their ddkate bodies encased in 
a proeective calcareous coatr from soch it is possible to 
obtain a general impcesaon q£ those inhabicanc of seas which 
were protected by tcsstant, limy skeletons. The probabiliry of 
preserraGon of land animals is small; skeletons of animals dying 
a natural death in theii regolar haunts would gradually decay 
and leave no memorial unkss diey happened to be within reach 
of frowing water. In some localitifis many large and complete 
skeletons of extinct animals have been buried in sediment widsln 
a small area in dicmnscances that were occ^rionah Several 
years ago more chan twenty complete skeletons of the extinct 
Iguanodotty a creature which walked on iis hind legs like a 
kangaroo and was about 14 fr. high, were found in rocks of 
Cretaceous age (Chapter x) in a dtep ravine diar had been cut 
by a nvet in much older beds at Beznissart near Mens in 
Belgiom: the occortence of the skelotoos crowded in a small 
space suggests that ^ animals were overwhelmed by a sudden 
dood of water. A bed ofOld Red Sandstone in Scodand strewn 
with well-preserved frsbes was apdy described by Hugh Miller 
as ' a platform of sudden death*. The Rancho La Brea a^halt 
deposis near Los Angeles, Califnnia. provided a varied assort¬ 
ment of bones of animals whkh had been caught in du sddey 
mass, many birds that ali^ted <nl the ansuspected death-traps 
and mammals luxed, m d>e spot in the hope of trying h^pl^ 
victims were thems^ee e&tan^ed. the pool ^ 

dark oily liquid in v^iich large bTd)b2es n$e to the soif^ one 
can piemee the tragedy and at the ome appredaee its value 

as a source of information to human students of octinct life. 
Other examples of the pwser v a doo of ammak md plants are 
given in later ^pten: enoi^ has been said to give point to 
die statement dnt we can never ho^ to obtain in- 

formadoj from fossils to enable us to recon^ruct more a 
very small prop^dm <£ the life other days. It must be 
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remembered chac che recurrent crumplings and dislocadon of 
the earth’s crust are another contributory cause o£ the imper¬ 
fection of the record. Rocks are Nature’s palimpsests analogous 
Co papyri on which scripts have been obliterated and overwritteo 
by others. « 

Plants occasionally occur in rocks of igneous origin, ^edally 
in volcanic ash: seems and branches of trees in a forest smothered 
by showers of ash &oui a neighbouring centre of eruption have 
been obtained in a wonderHil state of petrificdon from volcanic 
deposits of Carboniferous age in southern Scotland and die 
isl^ of Airan. The conditions were much che same as we see 
to^y in the forests growing precariously on che slopes of 
Vesuvius and odiec active volcanoes. Vulcanlcity is not only 
destructive; forces inimical to life have from time to time played 
their part in assisdog us to a knowledge of plants which they 
almost completely but not wholly destroyed: some fragments 
remained, turned into stone by the iniUcrauon of water chafed 
with petrifying minerals decived &om the volcanic ash. It is 
unfortunately rare to find Howeis well enough preserved to be 
identified with confidence; some of the best examples occur in 
amber. Amber washed by theBaldcon to che shores of northern 
Germany from submerged Tertiary sediments is the slighdy 
altered resin which exuded from wounds on the stems of pines 
and other trees and entrapped insecC that had incautiously 
ahghted on its soAy surface together widi flowers and other 
pliic fsagments carried by wind to the resinous trickle. 

Fossils are not only of geeae value as sources from which it 
is possible to gain some insight into the mysteries of evoludon, 
th^ also serve as guides to the deterroinadem of die geological 
age of a rock; not only do they enable us to recognize the period 
to wlndi a rock b^on^s but in some instances they give more 
predse information and enable us to date beds within nairow 
dme-iimits. In previous d^apters two examples of the value of 

6>2 
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fo ffi U as tests of age oq a rcsoicced scale were briefly described: 
spedes of sea-ucchins in Chalk and spedes ofgnptolites in early 
Palaeozoic rocks. Ocher examples are mendooed in later 
chapters: chefbssSs ofgreaasthdp in fizix2g age within narrow 
limlrs are chose of aruxnals and plants with a short vertical range, 
species whkh are ksiown to be examples of rapid erolurion, 
one type changing into another in a comparatively short ^ce 
of dme in contcast to those dut were more conservative and 
persisted with little modiricadcai from one period to anotlicr. 
In the accoonts of geologjcail periods attention is called to the 
range in of some classes and groups of animals plants, 

but no attempt is made to describe the distinguishing futures 
of cfle various drrisioas of the two kii^dotns: ibt furtlicr 
information readen are advised to consult text-books on 
Palaeontology. Although many fossils, even some from the 
ol d er rocks, a frirly close resemblance to living animal; 
and plants, the dmilaricy is not enough to justify thdr reference 
to species. The terra *spedes* is used for a collccrion of 
individuals resembling one another suffidendy to he designed 
by the same spedhc name: dw predse siguifkance Co beacta^ed 
CO what is called a spedes has long been the subject of acute 
controversy. It is largely a subjccrive question, where to draw 
the line between one of Nature s types and another, all of which 
are merely stages in a concinuoas flux of form and structure. 
The term ‘gemu* is applied to ^ coHecoon of spedes having 
certain features in cotxunon and believed to be descended from 
the <amg set of ancestors. As we pass from younger to older 
rocks the number of eritting spedes rapidly decrea^: in beds 
of Qiutemary age most of dx fbssOs belong to genera and 
spedes chat are still with us, only a few are extinct. In the 
Tertiary era the more recent sedimentary bed!s have yielded a 
much higher percentage ^existing spedes than the b^ occu¬ 
py]:^ a lower posiaon in the geological sequence and therefore 
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o£ greater a^. Pacing to still older rocks all the species and 
many of the genera are extinct, that is, ckey dif&r too widely 
6‘om living animals and plants to be given tke same sped£c 
name and in most instances tKe same generic name. It is of 
cootse very difRcult to say when a presumably extinct animal or 
plant ceased to exist: no one believes that Dinosaurs are now 
at large anywhere in the worldtiiey lived before the days when 
they could have had as associates men interested in the preserva¬ 
tion of dwindling races. We can only speculate on the causes of 
extinction; but in all probability the ‘Terrible Lizards' (Dino¬ 
saurs) of the Jurassic and Cretaceous periods were ill-e<^uipped 
as competitors in the struggle for existence (Chapter xvn). It 
is known that some exceptionally mteiesting animals have been 
wiped out by the ‘lords of Creation*. The Dodo, a bird about 
the size of a pigeon with wings Inadequate for flight, was 
destroyed by early settlers in Mauritius; the Maoris were 
responsible for the extermination of die New Zealand Moa, 
a much larger bird also incapable of flight; Russian sailors in 
1782 destroyed the last Sea Cows {Siretiia), aquatic animals 
related to elephants, on the shores of Behring Strait. The Great 
Auk, a bird comparable to the Antarctic Penguins, which 
formerly Uved in the Shetland Islands, Iceland, and Greenland, 
became extinct as recendy as the middle of the nineteenth 


century. 

Tcaversing the ages we find many instances of both animals 
and plants characterized by unusually lar^e dimension, crea¬ 
tures that were gigantic as compared widi thdr nearest living 
relatives; they seem to be examples of Nature’s less successful 
experiments which flourished for a time and then with ap¬ 
parent suddenness died out never to reappear. Occasional 
reports &om many sources of sea-serpents and Loch Ness 
Monsters have raised unfulfilled hopes of the survivals of animals 
bebeved to have long been extina; but ^re icmaim the 
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posibilicy oi discoycring in the litilc'laiown depths of die sea 
living descendants of creatures included in genera and families 
hitherto Imown only as fossils. A short time ago a £sh 5 ft 
long. Tnmllic bine in c^our. covered vdth large scales and 
disdflguished by a broad and short tail, was caught in a trawl- 
net oCthe South A^icaocoascnearEascLondon. Unfortunately 
the putrefied soft pare were thrown away a nd only the skin 
was preserved. Ezamlnadoo by ez p qc s of what was 1 ^ showed 
that the fish was very closely related to ^>ecijna3s of Jurassic 
and Cretaceous fossils incln^ in a famil y believed to have 
been extinct for at least 80 milli on years. This solitary relic, 
named Latimfria after Miss Ladmcr. Curator of the £ast London 
Museum, is a member of a &nuly of which was pre¬ 
viously blown to have lived from the Devonian to the Cre¬ 
taceous period, and now we know f Hat me genus remains as 
an anachronism in the soudiern oorgr i 
Fossils help us in many ways towards a better understanding 
of the present as well as the past; they throw light, for exampl^ 
on' the present and often pnsling geographical distribution of 
plants and animals throughout the world; they also raisedificult 
problems connected with the cltmate of former periods. From 
the records of the rocks as fiom human records biowledge is 
gained which adds enormously to our enjoyment and appreda- 
don of the present; ^ see die living cteadon in a new light. 

furnished by fossils enable us to dterin^iiA b e t w ee a sur¬ 
vivals from frr-off ages and compararively recent products of 
evolution, to grasp the agnificance and interpret iit message 
of living animals and piano which ^eak to us as ech oe s from 
periods infiriitely beyond die ^an of die human race. 



CHAPTER TO 


Aft A/cHc Britain 

This chapter gives a general account of the first of a series of 
journeys across the whole span of geological history. Contrary 
to the usual method adopted in books on the history of the 
earth, our retrospect follows a reversed chronologica] order, 
hegioning with the most recent and passing downwards and 
backwards to the most ancient period. The stages covered in 
this chapter may be described as the last act of an age-long 
drama whkh covers more than half a million years and includes 
a brief and necessarily incompbte summary of events berween 
the dawn of the prehistoric age, when primitive man hunted 
animals diat disappeared long ago from Europe, and the his- 
toric period when man became the chief actor. The fragmentary 
pages of the story-book of the earth that have escaped the ravages 
of tiine are inscribed in the rocks beneath oor feet, rocks lying 
for the most part in the order of their formation and relative 
age though not in^quently folded, crumpled and fractured 
and in some disslcts forced by irresistible scrams and stresses 
into inextricable confusion, This solid foundation docs not tel 
the whole story; a gap of several hundred thousand years 
separates die events chronicled in the rocky layers from those 
that belong to die latest and most recent chapGir of geological 
history; the present or recent period in which we are now living 
was preceded by an age insignificant in duradon as contrasted 
with the dme covered by die earlier ages, and yet, as measured 
by human standards, Coo vast to be readily appreciated. Scenes 
fiom this comparatively modern age have been reconstructed 
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not &0JI1 the layers of solul rock but &oni vaHoos lands of 
macnial jittered OTCr the imderlying finnec foundation and 
bearing no obvioos relation to in 
Let us now briefly consider dtese geoic^cal accumulations. 
On an ordinary geol^ical map flte rocks of the solid foundation 
are distinguished by diflerent colours showing their relative age 
and position in the geological table, bat when we look at the 
surflue of the country we notice many large areas where the 
rocb marked on the map are not actually exposed; they arc 
hidden under moorland, woods, and cultivated ground, and it 
is only in by the sea, in hilly districts and occasionally 
protrudir^ knolls and in de^ river valleys that it is possible to 
recognite the ro^s represented on die map as continuous bands 
or sImis. The Geologic Survey publishes another kind of map 
on which the actual stir^ce as we see it is shown: on it are 
marked the various sope^dal materials that form a partial and 
patchy mantle over the older rocky substratum. This super¬ 
ficial material is sometimes spoken of as drifl or diluvium: the 
latter name is a survival &om the ame when the Hood was 
invoked as a convmiencaod all*embcaciiig explanation of many 
natural phenomena. Under the comprehensive terms 'dri^' 
and ‘diluvium* are included bodlder clays, moraines, deposits 
of gravel, sand, and mud in association with river channels, 
pear, and odier sur&ce accumnladmis. It is convenient to use 
the two terms, moraine and boulder clay; diere ace 

several other nam« employed by geologists for material closely 
related to moraines azxl boolder clays but fh^ need not be 
introduced into a general and as ^ as possible popular account 
Moraines are mounds or ddges of a heterogeneous col¬ 
lection of pieces of rock mixed with gravel, sand, and clay; 
they form conspicuous features in the lower pare of many 
valleys in die Scottish Highlands, the English Lake District, in 
Welsh valleys, in some of ^ Yorkshire dales, and in lower 
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ground hz from hills as in die Vale of York and many ocher 
low-lyiftg discriccs. 

It is not surprising that the earlier geologists regarded the 
superficial material scattered far and wide over regions in the 
Brirish Isles, northern Europe, and Noidi America as evident 
of a universal Noachian deluge. A staunch advocate of this 
orthodox view was Dr William Buckiand, Professor of Geology 
at Oxford and sometime De^ of Westminster, whose book 
Reli^iae Dilwianae, published in 1823* “ wwresdng example 
of accurate observation and incorrect deduction. Fourteen years 
later a Swiss geologist, Louis Agassia, shocked his sdencific 
colleagues by attributing the supposed diluvial deposits to an 
entirely difierent cause: researches in Switzerland had convinced 
him that the mounds and ridges of moraines and other deposits 
associated with gladcrs were the result of ico-acdon. His know¬ 
ledge of the present led him to an intei^tauon of the past. He 
realized that the heterogeneous material in places beyond die 
reach of existing gladers was proof of the former greater 
exteosion of ice. Buckland’s denre to discover the truth led 
him to visit Swieerland and sec for himself the evidence deed 
by Agassiz in support of his heretical conclusion. The two 
geologists then made a tour in Scotland, England and Wales. 
Agassiz, thoroughly toiJiar widi many aspects of gladal con¬ 
ditions in the Swiss Alps, at once recognized many of die deposits 
in a country without glaciers as the exact counterparts of those 
in Switzerland- Buckiand, ctue to the best traditions of a 
student of Nature who realizes that acknowledgment of mis¬ 
takes is a virtue, admitted the force of his companion’s conten¬ 
tion and became an ardent supporter of the Glacial theory. 
After prolonged controversy and obstinate disincBnation to 
abandon cherished beliefi, the iucorrcct implication of the 
descriptive name Diluvium, which is still occasionally used, was 
generally acknowledged: a new line of geological enquiry was 
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thtis uiaugunced aod, wbUe tbece has been agreement in 
accepdog moraines and ocher superficial d^>osic5 as proof of 
ice-actioa, there are still di&rences of pinion on the sequence 
of events in fhag pha<^ of earth-history Imown as the Glacial 
period- The revoIuti<»ary dunge of view tended to foster a 
more scientific anirude cowards the biblical scory of the Flood, 
la 1890 die late Pro&ssor Htixley, after dmaolishing the old 
idea of a universal flood, wrote: 'Hie story of the Noachian 
deluge has no more rJaim to credit than has that of Deucalion; 
and whether it was, or was noc, suggested by the &miliar 
acquaintance of is or^inaons with the efleecs of unusually 
great overflows of the Tigris and £uphrates, it is utterly devoid 
of hiscorical truth.* He went on to speak of the story of the 
Hood in Genesis as merely ‘a bowdlerised version of one of 
the oldest pieces of pnrely ficririous licerarure extant*. No one 
believes in a flood fliat was uxuvosal, nor dm any natural 
phenomena hx Europe are acnibatable to the deluge. Excava- 
dons at Ur in Mesopotamia in 1929 by Sir Leonard Woolley 
brought to light records of a flood that must have been on an 
exceptional scale: it was naruial that the Assyrian wridngs 
should have described the great overflow of the waters as 
universal, chat is, over die whole world known to them. As 
Sir Frederick Kenyon says in his book, TheBibUnndAs'chwlogy: 

* One cannot doubt that (here most be some foundation, in fact, 
for a cradicion vidiich had fixed itself so deeply in the national 
consdousness; and here Aidxaeology, widi its other (or 
rather, spade), has revealed physical in the sice of die 
andent dry of Ur which femish material confinnadon of it.* 
This digresdon on the Flood, though irrelevant, is perhaps 
excusably as an ilioscration of the importance of pr»i^ng 
a sense of proportion in mams as tn all human 

aflairs. 

Another and more impresstve proof of widespread ice-aedon 
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in Britain is furnished by a diifercnt land of matcriai, die boulder 
clay. This canaot be closely matched in Swiccxland; it usually 
consists of a mass of sdff tenacioas clay with amwnerable 
embedded pieces of rock of many ldnds> varying from stones 
a few inches in sat to blocks over loo yards in length- A charao- 
cerisdc feature of boulder clay is the general absence of a layered 
arrangemenc such as one would expect if it had been deposited 
from flood-water; the stones, scattered irregulacly through the 
day, are described technically as boulders or crtatic blocb, the 
terra ‘erratic’ having reference to the fret that many of the rock 
samples have been brougiit frr from their original homes. 
Another striking feature is readily seen on examination of the 
shape and surface of the boulders; feey are not complcttly 
rounded like ordinary water-worn pebbles but partially 
rounded; the edges arc not sharp and the faces have been worn 
down into smooth surfaces on which can be detected series of 
scratches or striae lying more or less parallel one to another. 
Moreover the striat^ faces are smoodi as if polished. Boulder 
clay occurs in many parts of Scotland, England, and Wales, 
not only in valleys but also on high ground and as a capping to' 
cliffi in many coastal districts. It is spread over hill and valley 
alike and is often a conspicuous feature on plains. One of my 
earliest recollections of the days when Geology first interested 
me is a cliff of reddish boulder clay rising from the beach on 
the eastern edge ofMorecambe Bay, at Hese Bank, a few miles 
north of Lancaster: the largest boulders are blocks of a %ht 
grey limestone exactly like the rocks of neighbouring hills; 
diere are many other boulders which cannot be matched with 
rocb near at hand. Nearly all of tiiem are scored with saatches 
and have smooth frees. Similar exposures of boulder clay occur 
in many parts of the country and everywhere they show similar 
features—a miscellaneous assemblage of scratched and partially 
rounded stones, some apparently Identical with the solid rock 
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in or near the locality, others that came from more distant 
sources. The qoescon is. how was boulder clay formed? It has 
already beco said that is d i fiti s from moraines assodated with 
glacicn in Switzerland and other coumries; the main difference 
is the smoothed and striated frees of practically all boulders. 
Is there anything in other countries that give a clue? In 
Switzerland die valleys are occt^ied by gladers carrying on 
supfree rows of rockslehris deiivtd from overhanging 
cliffs, and these, with sand, gtavd, and clay carried in suspension 
by streams issuing from the ends of gladers, are d^osited as 
rubbish heaps and layers of detrinu in the lower parts of the 
valleys. In Arctic lands, such as Greenland and Spitsbergen, 
vast areas are covered with ice and for hundreds of miles a 
monotonous white mantle is spread over the country, Green¬ 
land is buried under an enormoos sheet of ice except along a 
narrow strip of coast where great tongues of ice are thrust 
downwards and outwards as gladers by the inland sheet into 
fiords and valleys. Looking at the diffr of ka cowering above 
the ^-beach or at die ends of fiords one sees bands of rock- 
debris and boulders embedd e d in the lower part of the icy walls. 
Another important fret is the occurrence, in close association 

with the ends ofgladersmvaDcys near the edge ofthe laud, of 

masses of material precisely amiUt to booider day. Without 
going into fiirther detail let us sec what wc can learn from die 
present c ond itio n s in Greenland and odier Arctic regions. Ice 
overrides most of the mountains and is not confined w valleys: 
here and there near dw ed^ cf the ice-sheet a few ja^ed sura- 
mts of the higher peaks rise like islands m a white sea, but for 

the most part there is nodiing viabfe but ice. We have ail of us 

looked from high ground in the English Lake Distiicc upon 
roiling camidus clouds filling the valleys frr up the sides of 
adjacent hills, Irving only the highest ground- protruding 
through a sea of misL Such a scene helps us to visualize the 


AN AfiCTIC SBtTAlN 


93 


lud^capc as it was wlien, subsdtuting ice for cloud, the greatet 
part of Biiuin. was smothered in ice. 

But how do we know diac there were ico^heets over the 
British Isles? We know that over Greenland there is now a 
sheet o^ke many Kondred feet in thickness; we also know that 
except close to ^e coast the ice carries no stones on its sudace 
because most of the rocks are not exposed. Impelled by pressure 
ftom the higher levels the enormous sheet moves with ircesiscU>Ie 
force over the ground, picking up loose blocks lying in its path. 
It has been calcubted cliat a glacier loooft chick exerts a 
pressure of 35 tons on each square foot. The Utter of rocks 
collected by glaciers and ice-sheccs and wedged into their lower 
surfaces may be compared with the projecting pieces of metal 
on a rasp or file which make the tool an efficient instrument. 
The boulders ate pressed against the rocky ground, scoring and 
grooving it, and themselves saatched and ground in the process. 
It is these boulders diac furtush a clue to die oc^in and history 
of the erradcs in British boulder clays. On the Greenland ice> 
sheet travellers have noficed rivers pouring through fissures 
into the depdis below; such scceams flowing underneath the ice 
carry with them the finer products of acEridon sucii as gravel, 
sand, and clay. The mass of clay in which the boulders are 
embedded is made of the finer parades ground by the cutdng- 
tools from die rocks below. Thus both coarse and fine matccials 
accumulate under die ice and it is these which are left as boulder 
clay and sediment when the ice-sheet melts. Boulder clay, 
unlike moraines, was formed below moving ice and not carrl^ 
on its sur^ce. 

We will now look more dosely at boulder clays in this 
country and at the exposed surbee of cocks in their neighbour¬ 
hood. Let us first examine die sur&ce of rocks in valleys, on 
the higher slopes, and on mountain summits. Walking through 
Scodish glens or valleys in the Bnglish Lake District, in the 
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Yorkshkedales and elsew^Kre.ooe canlurdly&ilco notice chic oc- 
hummocks or ^olls have a smoodicd and rounded appear¬ 
ance 2$ if they had been rubbed down by some giant abrading 
tool (Place m); a closer inspccdon of the rocks often reveals 
grooves and scratches. It may be said (hat scratches mean little 
and may be due to many causes; but it will be noticed that they 
usually follow a definite direction, they may be parallel to the 
direction of the valley though by so means invariably, and 
sometimes the trend d the smarion, will be found to be trans¬ 
verse to the valley. On son^ rocb that have a rounded form 
suggesting the passage over them of a gladcr or ice-shcet it Is 
not always possible to dettet any striae: this is because long 
e^>osure CO the weather has obliterated them, but, if one removes 
the covering of turf from a rock, series of scratches and grooves 
often become appaiecL 'When hummocks of ro^ have a 
gently curved, rounded (otm and are grooved it is practically 
certain that they were once overridden by ice studded with 
scones that served as graving took Applying this, it is possible 
to say in many instances that ice pa^ over the summits of 
mountains aooofe. or more in height Evidence of ice-acGcm 
is also iiiRUshed by the sur&ce-feacuces of hills; die broadly 
sloping contoun of Saddlcbatk near Keswick at once recall 
rocks moulded by an ico'sheet On the ocher hand, the ja^ed 
peaks of some mountains where ao striated platforms can be 
seen owe their pres e nt outlines m die actioa ^rain and fiost 
Impressive evidence ofd« former presence ofsheea of slowly 
moving ice is also furnished by the erratk blocb themselves, 
both chose sdH enclosed in hcolder day and others scattered 
over the ground. A few examples will serve as iilusttadoos of 
this important and mceresdng line of enquiry. Many boolden 
can be referred without diffimlry by observant amateurs to the 
parent source e,g. tht hghr hlo<is limestone in the 
boulder clay of Nc«h Lancashire on shore of Moreaunbe 
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Say, which i( is easy to see muse have come £rcm cbe ocigh- 
bouring hills. There are, however, many boulders mixed with 
those of local origin chat are foreign to the district, and here 
expert knowledge is needed. A geologist ^miliar with the 
rocb of different parts of the country may be able to name the 
source of origin at sight, but It b often necessary to examine 
miaosccpically chin transparent sections. One of the best 
examples of boulders which have thrown light upon the course 
taken by ice-sheecs b furnished by the well-known granite of 
Slup in Westmorland, which forms an irregulair oval mass 
about 2 miles broad from east to west and a mile from north 
to south. Tlib rock is generally reddish ox fiesb<oloured and 
is dbcingubhed from many other granites by the large pink 
felspar crystals, often an in^ or more in length. Polished slabs 
and pillars of Shap granite may be seen in many buildings in 
London and elsewhere. The important point b that boulders of 
Shap granite can readily be recognized even by a layman, and 
their occurrence in boulder clay throws Light on the direccioG 
taken by ice-sheets and gladen, that b assuroing there is no 
means, other chan ice, by which large boulders could be trans¬ 
ported over long distances. Large and small erratics of Shap 
granite have been traced ease of the parent rock into the Vale 
of £den, and from there ^thec east across Stainoore Pass 
which cuts through the Pennine Chain at a height of about 
1400 ft. above $ea 4 evel: the ice followed approximately the 
route of the'Koman Road. On the eastern side of the Pennines 
die same granite occurs in boulder clay in the Vale of York; 
near Doncaster there u a large patch of cky containing striated 
boulders of Shap granite sid rocks from the Rnglish l4ke 
District. The trail coaoaues to Darlington, thence to the York¬ 
shire coast ac Robin Hood’s Bay and several other places, also 
toher south m Lincolnsbire. At Dimlington in East Yorkshire 
near Spurn Point a boulder is recorded measuring 3 by ti fc. 
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Another set of boulders has been traced south of Shap to 
Lancashire, Cheshiie, and much &rther afield. What then are 
we to infer fiom these niunerous pieces of Shap granite lying 
about the country as thot^ fiung down by ^ants a^aged in 
a rock'chase? Transport cannot be attributed to local glaciers: 
the iacc that die boulders are strewn in abundance over Stain* 
more Pass is contdncu^ evidence of die former cnstence of 
an ice-sheet large enou^ and thick aiougfi to surroount the 
p gimin g Hills. This raises another point: why was the ice not 
confined to the southern route 's^iich we know fiom boulders 
in Lancashire and Cheshire was taken by some of the ice that 
passed over the filb of Shap? There was another ice-sheet 
which came fiom the south-wesccm part of Scodand, and as 
it travelled towards the soudi along the western edge ofEngland 
and over die floor of the Irish Sea it came into contact widi 
gladecs that had coalesced fiom valley to valley to fonn con¬ 
tinuous sheets over the higher ground of Lakeland. The Irish 
Sea ice passed over the <iimmk of Sna<d^ (2034 ft), the highest 
ground in the Isle of Man, and occupied die trough that is now 
filled widi water. It was the pressure ea»rted by the Irish Sea 
ice-sheet on another sheet moving along a more westerly route 
over Shap Fells, where it picked up loose blocks and plucked 
great pieces fiom the solid rock, which deflected part of the 
frozen flood towards the east over Stainmore Pass into Teesdale 
and farther east to the Gevelasd Hifls which were not com¬ 
pletely overriddeiL We know fiom the distnbutioa of other 
kinds of boulders that the ice-sheet which occupied the Irish 
Sea came fiom Scotland: booiders of a granite differing from 
thatof Shap and without doobt identical with diac which occurs 
in situ at Crifl^ in Galloway Jiive been found in South Lan¬ 
cashire, in Qiesbire, and as fit as Birmingham in ^ Midlands. 
The occurrence of Crifiel boulders with Shap granitt on Stain- 
more Pass and the east coast shows that die Sottish ict-sheec 
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followed eke rouces. south and then south-east and h'om 
the Vale of Eden across the Pennincs into Yorksliire, There are 
many ocher hinds of boulders which mark the routes taken by 
ice-sheets; boulders of old lavas from Borrowdale and other 
rocks from the Lake District, also boulders of a crystalline rock 
peculiar to Ailsa Craig, the island peak that rises above the sea 
in lonely grandeur at the entrance to die Firth of Clyde south 
of Arran. Erratics from Ailsa Craig have been found in boulder 
clay aloi^ the eastern seaboard of Ireland from the north to 
County Cork in the south, in the Isle of Man. in Anglesey and 
North Wales and on the shores of Cardigan Bay. 

The discribudon of boulders that came from parcuc rocks in 
lakeland and ocher evidence shows chat nearly all the high 
ground was covered with ice which left traces on Helvellyn up 
CO 2800 ft. above sea-level and on Scafell as high as 2500 ft.: 
Black Combe (1969 fh) was completely hidden. Some of che 
Lake District ice moved south into Morecambe Bay and ftr 
beyond- The hills of North Wales contributed other ice-shcecs 
and glaciers. There is good evidence that the Welsh ice reached 
St David's Head but did not penetrate quire as far as che Bristol 
Channel; the southern limit of che ice is believed to have been 
in the neighbourhood of Swansea. From Notch Wales ice 
aavelled eastwards over che Shropshire-Cheslure plain, norc^i 
to the Irish Sea. west to Cardigan Bay and St George's Channel. 
Ice in the bed of die Irish Sea and the sheet ^om West Scotland 
impinged upon che gladets that had their home in Wales. As 
Dr W.B. Wright says: 'Tlie whole wild and rugged scenery of 
North Wales is in very large measure due to this glaciation of 
che not very distant past.' Erratic blocks from the Southern 
Uplands of Scotland have been found on the Cardigan coast 
and in Pembrokohire. Nearly the whole of Ireland was covered; 
a series of moraines marks the southern limit of the ice in che 
Wexford district, round the northern flank of the Wicklow 
so 
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Ht11< and the souchern ourskirs of Dublin to the mouth of the 
Shannon and the coast of Claie. In many of these glacial 
deposits boulders Ailsa Craig are a noteworthy feamre. 
There were glaciers in Kerry, but some of the soudiem districR 
were never complcrcly submc^cd. 

With the ordinary gladal d^osits there are occasionally inter¬ 
mixed patches of sand contaimj^ marine shells which it is 
believed became entangled in the ice as it pushed Its way over 
the floor of the Irish Sea. A sample of die bed of the Irish Sea 
has long been known at Mod Try^en between Snowdon and 
Caernarvon at more chan isoofr. above sea-level; its occurrence 
raised much speculation: some geologists attributed the deposit 
to floating icebergs, a theory which assumes a submergence of 
more than iloo fl. unsupported by any sads^ctoiy evidence; 
a more probable explanation is that the material from the sea¬ 
floor has been carried to its present positions by ice moving 
over land. 

Ihe Cheviot Hills were partially and in places completely 
overridden. In the Highlands of Scotland sheets of ice spread 
over the greater part of the country, leaving ridges and monads 
of boulder day over the Lowlands. The Southern Uplands of 
Scotland were another centre itom which coalesced gladers 
formed iosheets that carried boulders northwards into die 
Midland Valley and came inrO contact with ice travellis^ south 
&om the Grampian Highlands. Odier ice Scorn the Southern 
Uplands and the Grampians moved east to theNordi Sea, where 
it met an ice-sheet flom Scandinavia. The undulating Lowlands 
belt known as the Midland Valley is screvm with glacial d^osits; 
it lies across Scotland as an old rift-valley between tbe Highlands 
and the Southern Uplands. The Orkney Shetland Islands 
were ovettidden by ice; the Inner Hebrides were almost entirely 
submerged, but tbe higher mountains of Skye and Mull 
nourished local ice-caps. Rocks of the Outer Hebrides bear die 
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iizunisu):able impress of moving ice in their rounded, polished, 
and stnACed surges, excq>t che highest ground in the northern 
part of Harris, which protruded above che sea of ice. Beyond 
che Outer Hebrides che ice^heec condnued its course some 
distance into che Atlantic Ocean where it floated as a precipitous 
wall like the Boss Barrier in che Anrarcric. 

So iat attention lias been directed mainly co bouldecs as 
sources of information from which to visualize the British Isles 
as they were when che Glacial period was at ics maximum; tliere 
are many other kinds of evidence which must be taken into 
account. A very helpful guide is furnished by observing the 
general trend of grooves and striae on glaciated rocks in valleys 
and on hills: it is of^ nodceahlethat chc stciae over a wide area 
he towards the same poino of the compass, and this together 
with clues given by the distribudon of boulden provides 
valuable data. The transport of boulders from Scotland over 
western England and Wales, boulders of Shap granite littered 
over a wide area &om Westmorland to the Lancashire and 
Yorkshire coasts; these and many ocher iaccs contributed by 
enthusiastic colleccois, several of whom took up geology as a 
hobby, aflbrd proof of the severity of the climatic condidons 
in Britain whm It was in very much the same state as Greenland 
is to-day. 

There is, however, a still more impressive piece of evidence 
which enables us more fully to appreciate the contrast between 
dae geologically recent past and the present. Among boulders 
collected at many places on die east coast of England were some 
which could not be matched with any British rocks. For¬ 
tunately it was not diffi mlr for experts to identify some of the 
foreign emacs as iarvikite, a very distinctive crystalline rock 
&<m Larvik near Oslo in Norway. One can often recognize 
polished slabs of dus Scandinavian rock on the facades of 
buildings in London and many other towns by its blue colour 
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and the iiidescence of the large fehpar crystals. A geologUr 
gives the dimensions of a larvikite erratic found on a Durham 
beach as 5 by j fr.; he described the boulders as serving the 
double purpose of a facing to public houses and very useful 
indicators of the direction taken by an invading icMKeec. An 
ice-sheet from Norway extended in a soutb-westerly direction 
over the bed of the North Sea and impinged upon ihe English 
coast, where its presence is proved by widely scattered erratic 
bbeks, some of which have been found at inland localities, 
e.g. in Cambridgeshire and in the basin of the Upper Thames 
near Oxford. Assuming chat the Norwegian mountains were 
not much higher in the Glacial period than they are now 
(8400 ft.) and bearing in mind that Norway is 400 miles from 
Scotland, some geologists have raised the (question whether the 
urge of gravity acting upon an ice-sheet would be adequate as 
a propelling force; they 5u^;est floating Icebe^ as an alter¬ 
native. The more widely held view is that the Scandinavian 
erratics were transported by ice-sheets, and it may well be that 
die Norw^ian Highlands formerly rose to greater hadghes. 

The greater part of the British kies was overwhelmed by 
glaciers and sheets of ice overriding hills, valleys, and plains, 
except in certain distcicts which bear no tra'ce of glacial deposits 
and no grooved and scored lOck-surfaces. The belt of country 
south of a line Joining the Severn and Thames estuaries was 
beyond the ice-front. At this stage it is worth while to raise 
a point connected with the great Ice Age which has long been 
a controversial question: it is agreed £ac the Ice Age was of 
long duration, probably not less than half a million yean; it is 
also agreed chat there were oscillations of climate over a wide 
range of temperature. There was a phase of intense gladadon 
when the ico>mantle reached its maximum; there were periods 
when ice was confined to valleys in hill y districts as in Switzer¬ 
land KMday; and there were ocher periods when the climate 
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Map of Europe in cbe Ice Age. 
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was at least as genial as it i$ now, when for some thousands of 
years thae was practically no kt. There were what are called 
glacial phases varying in severity and one or more inte^ladal, 
mild phases. The number of altemadons within the Ice Age as 
a whole of arede and temperate sub-periods is sdll suh judiu. 
A d^osic known as the Hotdng Breccia near Inrubnu^ is a 
good example of an interglacial record: it rests on boulder clay 
and od)er glacial beds Ue above ic. In this breccia were ibund 
some plant remaios, including a RAododendren, R. pontictwi, 
which now grows 5® south of Innsbruck, also a southern spedo 
of Box and a Rhamnus (Buckdiom) very similar to a Canary 
Islands species. It is clear that when these planes were living the 
climate could not have been glacial. It has been furly well 
establislied that in the Swiss Alps there were four sub-periods 
of more incense gladatioEL and three iacei^ladal phases; but it 
has not so far been possible dednitely to estaUish a 
sequence in Britain. Allchatneedbesaidh that we know, &om 
remains of animals, includii^ man, and plants assodittd with 
glacial deposits included within the dme-lcmlcs of the Ice A^ 
that there were well-marked and considerable flnemarions in 
climate. 

In the light of the conclusion seated above we shall now 
briefly cons i der some other proo6 of the former presence of 
glaciers and ice-sheets in Britain. There are several distrios in 
Scotland, England, and Wales where at some stage or ocher of 
the Ice Age Eesh-wacer lakes occupied sices where there are 
now only rrver valleys or dry land: the lakes were caused by 
damming df valleys by boulder clay, moraines, or barriers of 
solid ice One such extina lake occupied the Vale of Pickering 
in East Yorkshire; it was about 1$ miles long 60m west to 
cast and to miles broad. The river Derwenr now flows over 
the old lake-floor; the ruins of Kirkbam Abbey, visible from 
the train as one travels southward to York, are near the old 
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souchcfCL shore. Evidence on which this stacemenc is made 
includes the occurrence o£ cercaces of water-borne gravel and 
sand where the edge of the lake lay, and the discovery of delta 
deposits showing where rivers from the ne^hbouring Cleve¬ 
land Hills, which were noc covered by ice, discharged chdr 
loads of sediment. The eastern oud^ of the Vale was blocked 
by a barrier of boulder clay and moraines on the ma^in of the 
Scandinavian ice-sheet as it forced its leisurely way over the 
bed of the North Sea. There was anothet lake near Shrewsbury; 
others in the Webh Borderland, in the Yorkshire dales, and 
many other districts. The most famous q£ ^ lakes that no 
longer exist occupied Glen Roy to the north-east of Ben Nevis. 
On 6 it sbping hiH-sides curving downwards <0 the floor of 
the glen there is a series of three terraces giving at a distance the 
impression of toads, one above the other and following parallel 
horizontal courses. For many years these parallel roads of Glen 
Roy taxed die ingenuity of geologists and appealed to the 
imagination of Highlanders. They are natural shelves or ccrraces 
marking successive shore-lines of a lake that occupied die glen 
and at intervals shrank in volume: records of die dwindling 
were lefr at successive levels. The Hamming of the glen was 
caused by ice. 

Another natural feature lefr as a legacy by vanished glaciers 
is the hanging vaHey: in Glen Nevis and many ocher Scoedsh 
glens, the Nanc Francon Pass in North Wale^ in Borrowdalc 
and elsewhere in Lakeland one often sees lateral valleys between 
hills boederij^ the main depression which do not reach die 
bottom of the valley but are. as it were, suspended, and their 
mouths overhang the major valley. The lateral and main valleys 
are disconnected; water issuing from the fbimer frlls as cascades 
instead of along a continuous slope to join the scream below. 
The lodoce Falls near the southern end of Derwentwater are 
aused by water from a hanging valley. Explanation of these 
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valleys is simple if we picture the main valley occupied and 
eroded by a thick glacier reaching &r above the present ground-' 
level where its sur&ce would be as high as the ends of the 
tributary valleys that are now left hanging. 

Glaciers are powerftil agents of loct^trucdon; they are 
forced down ftom die gathering grounds that fted them ftom 
above; their mass presses on the valley floor and sides, and the 
rocks incorporated into the lower surftce of the moving ice act 
as ef&cient rasps and grindii^ tools; thus the valley is de^ened, 
widened, grooved, and scratched. The result is difletent ftom 
that produced by a river; a river is also an effident csctii^-tool, 
but it cuts mainly into the middle of the bed and, unlike a 
glacier, has lictle eflect, odier than undermining, upon the sides 
of the valley; it nukes a V-shaped valley in contrast to the 
broader and more rounded U-shaped valley characteristic of 
ice-actioD. A typical example of a U>shaped valley is seen along 
the road passing over Dunmail Haise between Grasmere and 
Keswick: looking along die valley towards the north one can 
hardly fail to notice the broadly rounded curves flanking the 
summit of the hill chat overlooks the descent to Keswick 
A glacier once passed alor^ the course of the present road, its 
sides reaching far up the shoulder of HclvcUyn. There are many 
U-shaped valleys in Scotland and Wales: Glen Rosa in the 
island of Arran is a good example; the sides of the valley rise 
in low curves above die stream below. Hie contrast between 
the smoothed and striated rocks in the lower slopes of a valley 
and the more jagged rocks at higher levels which the ice 
to reach is often dearly marked. In a valley that was formerly 
occupied by ice it is not only the grooves and scratches that 
remain as records; the surftce of the floor is made irreg u lar by 
hummocks and knolls of rock, and these were rounded and 
smoothed by the grinding cools embedded in the glacier into 
curved rounded contoun compared with the bacb of sheep 
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lyii^ on iLe groond; hence the name mhes moutonnies.^ 
Streams of water issuing from the end of a gladcr carry away 
the finer decrirus produced by the wear and tear of the fOcks» 
and dus maierial becomes mixed with theboulden and moraine 
debris at the melting end of the Ice or spread as sheets over the 
lower reaches of che valley. 

Amoz^ the many convincing proo& of the former gladadon 
of a district is die occurrence of wduc are known as perched 
blocks: one example will suffice as an illustration. Walking 
along the Crummack valley about one mile north of AustTftck 
in the West IRiding of Yorksliire one sees rwo readily disdn- 
guishable kinds of rock; on die lower ground the grassy surface 
is interrupted in several places by eicposed patches of a dark 
grit; the higher ground of Ncrbec on the opposite side is capped 
with regobr layers of white limestone. Scattered over the hill¬ 
side are several blocks of dark grit each resting on a plinth of 
white limestone about i8in. high- The dark brown blocks 
undoubtedly came from the rock in situ below; they are not 
rounded like boulders nor do they show any s^ns of ico^cdon: 
the sur^c of die raised white platform on which each piece of 
grit is perched is smooclicd and h»e and there one can detect 
grooves and striae (see Place II, lower %ure). These perched 
blocks reached cheii present position when ice filled the vaJley; 
they fell on to the glacier and were carried away fcoin the p arenc 
source: as the ice melted they were left stranded on the lifn^ 
scone over which the glacier passed. It is interesting to note 
that the limestone plinths stand up a foot or more above the 
general level of die ground; dus is because die perdied blocks 
of grit protected the limestone platform below them fiom die 
solvent action of rain. The perched blocks have been resting 
where we see them for several thousand years. 

1 MouconA^e redly refers to the knobby appearance of the rufs of hair 
in barristers’ wigs. 
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Enough hiS been said to jujofy the conclusion that at one 
time, or more probably at different times in the course of the 
long Ice Age, by 6r die greater part of the British Isles together 
with the Irish Sea and part of the North Sea lay under sheets of 
ice. As previously pointed out, die ice-cover was by no means 
complete. Portions of the Pezmine Chain and the Cheviot Hills 
were left bare. The Cleveland Hills in the North Riding of 
Yorkshire, diough encircled, were not covered: some of the 
higher mountains in the lake District stood out as islands of 
e:tpo$ed rode. The summit of Cross Fell (apj o ft.) on the eastern 
side of the Eden valley probably remained nearly 700 ft. above 
the surftce of the ice-sheet. In soucherzi Ei^land there were 
caps of snow on the Cotswold and Mendip Hills, but they were 
beyond die ice^invaded territory; the Bristol and Gloucester 
districts were parciaBy ice-free, Erratic blocks from West Scot¬ 
land have been found in Nortii Devon, but they are believed 
to have been dropped from floating icebergs detached from the 
great terminal wall of die ice-shcct that was not fat off. Simi¬ 
larly. frr-travelled boulders are recorded from Selsey Bill, a ^ew 
miles sotrth of Chichester in Sussex:. We can in imagination see 
icebe^ being carved from the edge of the ice to the north of 
the south coast, and as diey stranded in shallow water they 
dropped their load of stones. 

What was the state of the southern belt beyond the Sevem- 
Thames boundary of the ice ? There were ftns of sediment, 
chiefly gravel and sand, spread by water issuing from below 
the ice. On the ground, bare of trees, were clumps of stunted 
heH>age. It was bleaker and more barren than the moorland on 
British uplands or the Breckland of East Anglia; inhospitable 
and desolate; comparable with the tundra of North Europe and 
Siberia where the soil is pennanendy frozen to a few ieet below 
the surftce. Two other questions at once spring to the mind: 
was it possible for flowering plants to live in this rundia-like 
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bdti wd was it inhabited by man and ocher members o£ the 
aaimal kingdom? Tliese quesdom can be only partially an> 
5wcrcd. Let us cake Twan first: unfortunately comparatively few 
human bones and skeletons have been found in deposits left by 
the Ice Age. Evidence of human occupation is derived almost 
solely from flint implements. It has now been established chat 
man lived in Britain during and before die Ice Age: we can 
hardly believe that he could have lived in ^regions where the 
arede conditions were most severe, but life may well have been 
possible on the southern ice^ee belt. Little is known o£ the 
men who left their crudely fashioned implements in caves and 
river terraces contemporary with the Gladal period; all chat can 
be said is that men wandered in search of food over’ the hills 
and moors when the valleys were filled with ice. To^ay in 
Greenland many Eskimo and a few Danish of&cials live on die 
west coast from near Cape Farewell to a comparatively short 
distance from the northernmost end: there are a few settlements 
on the less hospitable eastern seaboard. Similarly there is no 
reason why some of the ice-fiee districts of Britain, even durh^ 
the colder spells of the Ice Age, should not have been habitable. 
Much has been written on the early hhtoiy of prehistoric man; 
his gradual development as a maker of tools to supply his needs 
has been traced throi^h a series of stages to which names have 
been given, ebosen for die most part from places where imple¬ 
ments and other remains luve been found. The history of the 
human race is outside the scope of this book, but there are a 
few questions which cannot be entirely ignored. Many yean 
have passed since the first flint implement was discovered near 
Gray*s Inn Road, London, m 1690, nearly two centuries before 
the study of early man and his work became one of the most 
fiuicful source of controversy and the bads of a new branch of 
sdcneific enquiry. No sadsfoccory answer has yet been given 
CO the quesdon^^ what precise stage in geological history did 
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man make iiu appearance as a iiiJly developed Kunum being ? 
We know chat Ke was contempofaiy in Bngland with cave 
bears* hyaenas* hippopotamus, chinoceros, and mote than one 
kind of el^hant. Dependent for his food upon wild nature he 
trapped and killed animals, his home was a cave or a shelter 
built of skins and boughs. He was a primitive and brutish 
creature whose hands were able to convert shapeless stonee into 
crude instruments for the chase or domestic use; he was able to 
give expression to an innate seme of the supernatural by carving 
on bone outline pictures of game and hunters* probably in die 
bdief that they served as magic aids to success in hunting forays. 

One of the few skulls of early Stone Age man was discovered 
in ipzi in a terrace of gravel on the banks of the river Ouse at 
PHtdown near Lewes in Sussex. This exceptionally important 
discovery, made by a lawyer, fvlr Charles Dawson, a keen 
amateur geologist, stimulated the Ingenuity and aigumentadve 
skill of experts in many lands. Unfortunately* whm the work¬ 
men in the gravel pit £rsc found the skull they took it for a 
coct^nnt and treated it accordingly until its value was lec^- 
nized by Mr Dawson. Subsequently a lower jaw was found, 
and dien followed an exciting debate on the all-imporcant 
question—was the jaw part of the Piltdown skull or did it 
belong CO another skull? The probability is chat skull and jaw 
were once united. Both specimens differ in certain anatomical 
features &om human bones and in ochen resemble the skull and 
lower jaw of a chimpanzee. For this reason the skull was not 
refwcd to Homo sapiens but called by a new name Eo<mihropus» 
that is, the Dawn Man. While we should not be justified in 
speaking of Eoanthrapus as the long-sought missing link, it may 
be described as the skull of a primitive type of human being 
and one of die oldest records of prehistoric man $0 far dis- 
coveted. When did this caricature of Homo sapiens live? No 
pxedse answer can be given; it may have been before the begin- 
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ning of the period described in cliis chapter, perhaps a milhoQ 
years ago or perhaps separated £com the present by an intecval 
covering less dun half chat time. 

The records of pre-Gladal man arc confined to implements.' 
to Kis cools and weapons alone, and the chief cause of the 
unending controversy is the di£culty of drawing a distinction 
betwcenpiece&offlint vdiich were chipped and rudely fashioned 
by man and diose chipped and battered by Nature. Flinis di^ 
covered in deposits considerably older than the earliest boulder 
clays> especially in Bast Anglia, bear the impress of human 
handiwork as though ^hioned as instruments by which to 
make ocher things and thus suggesting a marked advance upon 
the intelligence of the higher apes. It is practically certain that 
man was in dtis country before the oncoming of arctic cond^ 
tions and there is indisputable evidence of his presence during 
the more genial interglacial phases which preceded the last 
extension of the glaciers. Caves in the Vale of Clwyd have 
yielded Bine implements associated with bones of lion, bear, 
hyaena, reindeer, woolly rhinoceros, and man. Kent’s Cavern 
on the outskirts of Torquay affords evidence of occupation as 
a shelter from the tim^ of early man thioi^h successive stages 
of the Stone Age to the Bronze Age and the Roman occupation. 
Anotiier important faa is the di^very of human remains in 
old river terraces io ft. above the present level of those now 
being formed, associated widi bones of musk-ox and reindeer, 
animals that still exist on the ice-free barren land of Greenland. 
Old banks of gravel and sand with the Baer mud or alluvium 
deposited by rivers occur in many parts of the British Isles: in 
some districts, e.g. in the Thames valley, there are such terraces 
at different heigKb above the present river indicating changes 
in levd since the Ice .^e. At localities in the valley of the river 
Lea arctic plane have been B>uiid which indicate a relatively 
cold climate, and the occurrence of musk-ox and reindeer in 
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another terrace near Maidenhead is additional evidence of tbc 
aame kind o£ clim^e. Without enumerating loi^ lists of fossil 
animals which can be found in books of reference, the points 
to be emphasized are these; when Britain was in much the same 
state as that of Greenland and Spitsbergen at the present day, 
arctic animals, such as the musk-Ku:, arede ibx, reindeer, and 
mammodi, lived in relatively ice-free places; when the ice 
recreated a warmer dimace prevailed. Zn the interval between 
two gladal phases man and a host of animals mcluding hippo¬ 
potamus, l;ons, Bos primigenius (the Urus of Caesar) and many 
others were able to w^der farther a£eld in a temperate and 
more genial England. 

Another aspect of the Ice Age is its efrect upon vegetation. 
Before the invasion of Britain by northern ice-sheets the £ora 
was Ycry similar to that of the present day, and so was the climate. 
It used CO be thot^be that t^ien die covermg of ice reached its 
maximum the whole of the v^etaQon. except perhaps lichens 
and a few mosses, must have been destroyed or driven across 
the low-lying land which in pre-Gladal days united the British 
Isles to the European mainland across the North Sea and the 
Straits ofDover. The modem view based in pact upon increased 
knowledge of arctic lands in both the New and the Old World 
is that diroughouc even the most incense glacial phase some of 
the hardier flowering plants survived both in the sonthem pact 
of England and on areas in the Pennine Hills and on other ranges 
vdiich were not overridden by ice. ’ Several flowering plants 
which it is customary to speak of as arccic or alpine-^rccxc 
flourish on Scottish, English, and Welsh mountains generally 
high above sea-IcveL Beyond die southern limit of the Arccic 
CMt the same plants have a wide range and reach sea-leveL 
From dun beds of peat interspersed among glarial gravel and 
sand, leaves, fruits, and seeds of fluniliar arccic plants such as 
X)ryas, the mountain avens, and dwarfarctic birche and willows 
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have been ccliccced; they are reminiscent of the dme when. 
Bridsh valleys were occupied by glaciers. A single species of 
Dryas {Dryas <rctop<ta}a, horn Jrus^Oik), characterized by its 
shnibby hjabit, its 8-io white petals, and foliage resembling 
miniature leaves of oak, is abundant on Scotdsh mountains up 
to nearly 3000 ft. and occurs also on English and Welsh hills. 
In Ireland, as in Greenland to^y, Dryas grows at sea-level. 
This member of the Rose family is represented throughout 
arctic Europe, Asia, and North America, The effect of the Ice 
Age upon plant life, though not so disastrous as was formerly 
believed, was undoubtedly considerable; trees that Nourished 
in the much milder pre-Gladal conditions were killed or 
escaped by slow migration to other homes; only arctic plants 
were able to survive. Bearing in mind that in Greenland there 
are nearly 400 flowering plants and a few ferns in districts 
beyond the edge of the ice-sheet, it is important to remember 
that several flowering plants have been collected from mountain 
cops protruding f«m the ice-sea as {ai north as ladtude 81^ N. 

The above references to animals and plants are much too 
incomplete and sketchy to furnish more chan the bare outlines 
of a reconstnicdon of life during the alcermcmg phases of the 
Glacial period; they may none the less serve my main purpose— 
to demonstrate how the historian of the past bases diis conclu¬ 
sions upon a wide rar^e of facts. Physical evidence based on 
inaniznate materiai, such as boulder clay, moraines, and many 
other relics of ice-action, is confirmed and extended by che 
flagmentary remahu of animals and plants vriiich serve as 
indicarions both of arctic and temperate conditions in the British 
Isles in che course of the many thousand years embraced by che 
Ice Age.* 

The southern extension of arctic conditions well into the 
Temperate Zone was not confined to the British Isles nor to 
the C 5 ld World: a large part of continental Europe was similarly 
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invaded and enormous ice^heec spread over North America 
reaching as hi south as ladfude 38® N. Many hypotheses have 
been advanced in e:^knadon of this gladal phase: changes in 
the discriboQOn of land and sea and consequent interference 
with oceanic currents, a much greater elevadon of the aicdc 
regions with raises of mountains lofder than any in Europe 
ro-day which were the gathering grounds of vast snowfields 
whence ko-sheecs spread hi and wide over a Nortli Aclantcan 
continent extending Nordi America aaoss the North 
Atlandc Ocean to Europe and northern A&ica. The case for the 
exiscence of this great continenc is fully stated by Mr H. E, Forres c 
in his book Tht Ailan/ean Conti'nen/; it must be admitted that 
his views are not accepted by most geologists. Much has been 
written on possible astronomical explanadous of the Glacial 
period widi spedsl reference to the precession of the equinoxes 
and fluccuadons in the intensity of solar radiation. These are 
only some of many attempts to grapple vrith a problem that 
sdll awaits solution. As Dr W. B. Wright says in his authori¬ 
tative book, T 7 u Quaternary lee : 'It must be admitted that, 
among the theories that have been brought ^>rward to account 
for the phenomena of the Icc Age, there is nor a single one 
which meets the f^ of the case in such a manner as to inspire 
confidence.’ 

This chapter has been written in the hope that readers who 
have been able to read the forgoing pages may be induced to 
observe natural phenomena with a new interest, to see In things 
that all can see some of the more recent finger-prints of Namre 
from which it is possible to decipher a few pages of Barth’s 
Story-book. The story of the Ice .^e cannot yet be written in 
fiill: there is still much to be done; more and more collecting 
of evidence and intensive study are needed, and in this work 
amateurs can play a helpful part. A gravel pit, an es^osure of 
boulder clay, an embankment of river gravel above the present 
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level o£ the valley may all yield treasures to observant searchers. 
Boulders o£ far-travelled rocks that have hitherto escaped de- 
cecdos, fossil shells and bones in gravel pics and terraces—all 
may be of value, hi order to find out what pardcular deposit 
is likely to yield results the fine step is either to consuU a geo- 
l<^c or Ibok at the Memoir on the district published by the 
Geological Survey. 



CHAPTER Vm 


From the Glacial period ic Britain as H is 

During iht liter itsges of the Glidal period the ice-^heeo of 
the Northern Heousphere gradually diminished in size; moun^ 
tain ranges and hijJj emerged from dieir winding sheets and 
only glaciers were left in the valleys. As the climate became 
less severe they too retreated from the lower ground leaving 
records of their former position in crescentic mounds and ridges 
of moraines and in dcposics of sand, gravel, and clay spread as 
fans by water issuing from rire glacier snouc. It was in the 
course of this graduri dwindling of the ice that many of the 
^h-water lakes, to which reference has been made, were 
caused by the dammi:^ of valleys by barriers of ice or glacial 
debris. ^ the earlier stages of the Ice Age the climate gradually 
became colder, so after the maximiun had been passed there 
were corresponding climatic changes, but in the reverse order. 

We have now to take up die story so far as it can be followed 
through the closing stages of the Arctic Age through the years 
which link the most recent geological past with die present. 
The £icts on which the chronicle is based are dcriv^ from 
several sources: sheets or terraces of gcavel and sand strewn by 
swollen streams over the ground vacated by the retreating 
glaciers; beds of peat on moorland and in valleys built up by 
generations of swamp»»loving plants: remains of forests em¬ 
bedded in peat intercalated among layers of mud and silt 
deposited by rivers or incursions of the sea. From these and 
odicr sources it has been possible partially to follow not only 
€uctuadoos in climate but also in the relative levels of sea and 
land. There is reason to believe chat before the b^inning of die 
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Icc Age che land $cood ac approximacely the same tcladve 

to die sea as it does now; when aiw the lapse of many thoumd 
years Britain had passed from a temperate to an arctic clisute 
the land weighed down by a heavy load of ice was depressed. 
At die end of the Glacial period the land rose above the endr~ 
cling sea. Evidence of osdlladons in level is supplied by raised 
beaches and by old river terraces. On many parts of the coast 
it is possible to see isolated patches or long scrips of shingle in 
places 10-2^ ft. higher dian the present level of the sea; these 
are undoubtedly old beaches formed by wave-action when the 
land was lower. To cate one example, the road from Newlyn 
Co Penzance is on a raised beach or shelf River terraces, ofbn 
two or three in parallel series, are situated one above the other* 
the highest and oldest lying frrthest away from the present 
stream; each terrace marks the former level of the water when 
it meandered over a higher and broader plain. Terraces occur 
70 ft. or more above the present level of the Thames, others ate 
at a height of 50 ft. or less and mark a later stage in the downward 
movement. If in die course of a railway journey one looks at 
the grass-covered slopes rising above a river valley, the step¬ 
like arrangement of the embankments of sand and gravel is a 
conspicuous feature. Flint implements, bones of extinct animals, 
and shells collected from river terraces have thrown light on 
the life of successive periods. It is also possible to trace the 
Cranritioti from early prehistoric man to the beer stages of 
human history, to follow successive steps in the progress of 
man*s development to an age at which he has risen to the rank 
of a skilled craftsman able to make b^hly finished and efridenr 
implements and practise the art of pottery. Another importanr 
step was the culdvarion of crops and the domesricacion of 
animals. In the older graveb and in the lower byers of deposics 
in caves roughly chipped implements and a miscellaneous 
assortment of bones are the only records of human occupation; 
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&om ^ overlying layers and from burial mounds more ddl- 
fully fadiioiied implements occur in assodadon wick pottery 
which by in form and ornamentation can be referred to well' 
dc£ned phases of culture. Tlie discovery of bronze-—an alloy 
of copper and dn—marked thr beginning of a new age; 
weapons and utensils, though not entirely replacing stone, 
aSbrd evidence of a higher stage in development; and at a still 
later date the occurrence of iron objects reveals the discovery 
of the art of smeldng Iron ore. Tlicre is no shatp line between 
one stage and the next, nor is it possible to assign accurate dates 
CO die steps in human development applicable to difierent 
countries. In some parts of the world man is still livii^ under 
conditions not ftr removed from those of die older Stone Age 
man in Britain. The human populadon of the Bridsh Isles was 
still living in the later Stone Age when che historic period widi 
its written records had already begun in Bgypt, Crete, and the 
Near East. 

We pass upwards &om the time when the Bridsh Isles, 
northern and central Europe and an enormous area in North 
America were transformed from a temperate to an arctic en¬ 
vironment, and after the lapse of several hundred thousand 
years, during which the climate waxed and waned in severity, 
we come to the dawn of the present age, when che land was 
more open co the inunigration of man, animals, and plants. 
A comparatively few stunted arctic birches and willows sur¬ 
vived the inaximuin eartension of ice-shees and glaciers on the 
Banks and summits of die Pennine range, die Cleveland Hills, 
on rocky islands scattered over the sea of ice, and on the scrips 
of land soudi of the Thames-Briscol line; these were the pioneers 
of a gradually increasing company of immigrants from the 
Condnenc. to w birb England was fhe" across che swamps 

of che North Sea. Porescs cohmized the land that the Giac^ 
period had reduced to a treeless tundra; at first only the hardier 
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trees and shrubs were able to endure the sdll inhospiuble con¬ 
ditions. As the climate improved ocher plants obtained a fbodng 
and at length the whole oi the British Isles reached its present 
state. shall first follow the changing plant populadon and 
endeavour to obtain a general idea of the methods which enable 
us to follow the later stages in post-Glacial history. Reference 
was made in Chapter vs co the fiowering plant Dtyu familiar 
to naturalists as a characterisdc member of our mountain flora 
and a&vourice with rock-gardcners. In Greenland, where it 
flourishes through a considerable vertical range, its leaves and 
stems are carried by streams into lakes where they lie embedded 
in sediment. About fifty years ago a Swedish geologist di^ 
covered fossil leaves and other fragments of Dryas in beds of 
sediment in Ireland, Denmark, in the Alps and some other 
countries south of the Arctic Circle which had been deposittd 
on boulder clay and were overlain by peat. With Dryas were 
found in some pbces fbssHs of the lemming, an animal charac- 
tedsQC of the present tundras and steppes of Russia and Siberia 
and formerly of die barren, dry Cundra which marked the 
recreating ice of the Glacial period. The important point is fliat 
the layers of sediment containing the fossils, which included also 
dwarf willows and ocher arctic plants, rest on boulder clay left 
by the recreating ice, a fiict demoosftating the existence in 
Britain inunediately after the Ice Age of repicsentauves of a 
vegetation at or near sea-level predsely similar to chat which 
now occurs in. the ice-free regions of Greenland and other Arcdc 
coimtries. Dryas and several other plants lived in Britain 
through the Ice Age; they formed patches of colour on the 
sparsely covered moorland and tundra that were die dommanc 
features of this country after the retreat of the ice. Thus it u 
dut the name Dryas Clay was given to a deposit not uncommon 
on the Condnent but rare in Britain which marks the initial 
stage of the post-Gladal period. Dryas and its companions on 
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OUT mountams are relics o£ the age of ice; when the climate was 
still arctic and the ice^heets bad been replaced by glaciers diey 
were able to grow at sea-level, but as conditions ameliorated 
and other plants less arede in character invaded the low ground 
the Glacial relics wandered to higher stations where, with the 
excepdoo of localities in western Ireland,, they now remain. In 
order to follow the rebuildii^ of the British flora it is necessary 
to examine the thick beds of peat diat in many places cover 
boulder clay and moraines. It has long been known chat peat 
contains at different levels stems of large forest trees sock as oak 
with their roots still attached to an old surface^oll. Their 
occurrence shows that swampy fenland was transformed into 
ground fit for trees: the ^t that the burled trees are overlain 
by peat is evidence of a return to swampy conditions. The trees 
indicate an interlude—a change in physical conditions between 
two periods of peat formation. About forty years ago a great 
advance was made in the investigation of peat by which it has 
been possible to extract much valuable iofonnation bearing 
upon the history of post-Gladal vegetation. Professor lager- 
heim of Stockholm conceived the idea of searching for pollen- 
grams in layers of peat at diflerent levels, and at a later date the 
Director of the Swedish Geological Survey, Professor von Post, 
extended and improved the methods of his colleague. This 
brii^ us to what is called Pollen Analysis. Pollen is the name 
given to the dust-like material, often yellow in colour, which is 
scattered from the male organs (stamens) of flowering plants, 
trees, shrubs, and herbs, and cone-bearing trees. For¬ 
tunately pollen-graius are efficiently protected by a highly 
resistant coat and those of many plants are almost indestructible. 
Some pollen is eagerly gathered by insects and they serve as 
unconsdous agents of pollination, chat is, the transference of the 
male to the female clement in a flowee; after pollination fer¬ 
tilization ensues. With yery few exceptions the pollen of trees 


PROM THE CtAClAL PERIOD TQ EilTAm AS IT IS II9 

is not carried by insects but by wind, «nd it is maioly wind- 
distributed poUcQ chat occurs in peat. Clouds of pollen dust 
are sometimes seen cising from beeches and other trees in spring 
when the inconspicuous £oweis come to maturity. It is said 
chat a single catkin of an alder produces four millioii pollen- 
grains and the large head of a maize plant iifty million. Glass 
slides smeared with a film of glycerine or some other sticky 
substance suspended on the roof of a building or exposed in 
an aeroplane at high afcirudes collect many kinds of pollen 
together with the minute reproductive cells, or spores, of fungi 
Pollen fi^om forest trees is discribnted by wind over the country¬ 
side, some fiiUing on the ground, some into lakes and rivers. 
The pollen from forests that have long since disappeared can 
be recovered by a* portable boring msemment from difierent 
levels of peat and assodaced material. Samples of the peat 
brought up by the borer are washed and treated with caustic 
potash or soda and then examined, after mounting in glycerine 
jelly, imder the microscope : percentages of the various kinds 
are easily counted. Such samples do not supply complete records 
because die pollen of certain trees and shrubs, e.g. poplars, 
sycamore, ash, and yew, are not su£ciently resistant to be 
preserved; but the pollen of most trees and many herbaceous 
planes retains its structure almost indefinitely. The method has 
its limitadoos and the application of it is not entirely free from 
sources of error, none the less it is possible to reproduce a 
general picture of the vegetation, thou^ it is not possible except 
in a few instances to distinguish one species of plant fiom 
another. On the other hand, genera can almost always be 
rect^oized owing to the that the pdllen^rains have dis- 
dneuve sur^ce markings; the grains fiom different trees have 
their own peculiar form and panem. With the pollen occur 
many ocher plane fragments which furnish supplementary in- 
formadon on the composidon of the fiora. As an illustiadon 
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of the applicarion of pollen analysis co the history and develop^ 
ment of forests a brief account is given of results obtained by 
members of the Fenland Research Committee founded in 1932 
at Cambridge with the object of compiling as complete a 
history as possible of the East Anglian Fens. The Fenland lies 
in a shallow depression bordering the western side of the Wash 
where the tall tower of Boston Church is a conspicuous land'* 
mark; it extends south past Spalding, to the east to King's 
Lynn, south to Wisbech and continues to within a fsw miles 
of Cambridge. The noble cathedral of St Btheldreda at Ely 
stands on a low eminence overlooking the southern Fenland. 
The area is occupied by peat associated with silt and day resting 
in some places on patches of boulder clay and other deposits of 
glacial origin. Here we have a series of records of a long 
succession of events subsequmc to ^ Ice Age, an epitome of 
postglacial history. The records arc by no means complete: 
no deposits have been found containing remains of Diyas and 
other aicdc plants that Hved in the tundra after the retreat of d^e 
ice; the earliest phase is unrepresented in the Fens. It has, how¬ 
ever, been possible to trace the changing character of die forest 
vegeurion, oscillations of climate and of ground-level, occa¬ 
sional incursions of estuarine or sea water, and the occupation 
of sites by men of the Middle Stone Age followed by later 
immigrants of the Newer Stone Age, Bronze Age men and 
Romano-Bridsh folk up to the tune of the present inhabitants. 
The Research Committee, induding botanists expert in pollen 
analysis, geologists, archaeologists, geographers, and historians, 
has demonstrated the value of harmonious team-work in an 
undertaking involving many branches of natural knowledge. 

There are two thick masses of peat, with occasional inter¬ 
calations of water-borne sediment, separated from one another 
by a thick deposit of what is locally known as Buttery Clay, 
which marks an extensive flooding by a widespread incursion 
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of biBckish and salt water ^om the area that is now the Wash. 
From data obtained by the miaoscopical examination of samples 
of peat taken by the borer &ozn different levels and ^si the 
thorough examination of beds exposed in excavarions, many 
contributions have been made to our knowledge of the develop¬ 
ment of the vegetation as one phase in the physical conditions 
gave place to another. Skeletons and bones of animals, and 
remains of minute aquadc creatures enable os to visualize the 
changing scenes; implements of Bint and pottery of many kinds 
provide dues £i«m which to follow the development of human 
colonization. It is interesting to note that the drainage scheme 
inaugurated by Durdunen brought over in the seventeenth 
century had«been preceded by Koman efforts directed to the 
same end. 

The fbUowii^ outline picture of the post-Gladal Fcnland is 
based upon a concluding section, entitled The Changing Face of 
the FenUni. of a set of important papers by Dr Godwin of 
Cambridge. As already mentioned the story begins at a stage 
separated horn the final disappearance of the ice by a few 
thousand years, at about 7500 b . c ., when the Fenland as such 
did not exist; the Boor of die depression was dien made of clay 
upraised from the floor of a Jurassic sea more than a hundred 
DiiJlion years ago, together with patches of boulder clay and 
glacial gravels. The aspect of East Anglia was similar to diat of 
northern Europe and northern Canada at the present day; over 
most of the ground were woodlands of pine and birch with here 
and there in more favoured localities trees more at home in a 
milder climate. Wide river valleys much larger dun the valleys 
of tonday wound dieir way through a sparsely forested region, 
Hunters of the Middle Scone Age who were able to travel over 
the bed of the North Sea left implements in the older byers of 
the post-Glacial deposxQ that have been reached in die deepest 
excavations (see Fig. 5). As the climate became more genial, elms 
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and oaks with «i undergrowdi of hazel took the place of the pine 
and birch, and by degrees a new type of forest occupied most of 
the ground. limes and alders secured a footing in a few places. 
At about 5500 B.c. there was a definite increase in wetnos and 
a consequent spread of alders along river banks. The dimafe was 
also warmer; oaks, alders, and Ihne were the dominant trees, 
This, as Dr Godwin says, was the golden age of the post-Glacial 
FenJand: the tall, well-grown tru^ of ois buried in the peat 
are proof of the striking contrast between the forests of those 
days and the modem woodland of the Fens. River valleys filled 
with sedge fen, with clumps of alder and willow, were bordered 
by forest. During the occupation by the New Stone Age man 
far-reaching changes occurred; the Fenland bcarae wata- 
logged either by an incursion of the sea or as the result of a 
wetter climate. The woodland was overgrown by reeds and 
sedge; stems of well-grown oaks embedded in the black peat 
beat witness to swampy conditions and the suffocation of the 
trees through lack of oxygen in the wet sod. In the New Stone 
the Ferdand was a lat^ tract of sedge fen invaded here and 
there ^ alder, willow and birch. The whole region was an 
inhospitable swamp. Gradually the climate changed to com¬ 
parative dryness; oaks and in places pines and yews spread over 
the peaty ground, with hare!, dogwood, and buckthorn as 
undergrowth. Suddenly, and probably in consequence of the 
rupture of a coastal bar that had guarded the Fenland from the 
waters of the Wash, there e n sued a widespread invasion by the 
sea which lasted long enough to* deposit over the peat a thick 
mass of buttery clay. Eventually in the early part of the Bronze 
Age a covering of peat was kid over the clay and alders and 
willows fiourished. The abundance of bronze cools and weapons 
shows that man wandered fieely over the fens. At about 
SQO B.C. when the Iron Age superseded the Age of Bronze foe 
climate grew colder and wetter; foe lime was driven out and 
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birch ificreased; the greater pare of the district was tminhabicable. 
Atio^er marine invasion occurred in the Roman period which 
left tracts ofsilt and salt-marsh. It was then that Roman fanners 
carried out extensive drainage work. So after an interval of a 
few centuries, during which the Fenland was left practically 
untetianted by man. we pass to historical records and read of the 
Fens as rich in wild^^owl and wida £sh abtmdant in the rivers 
and meres. Finally In the seventeenth century the Fenland was 
transformed by man’s agency, and yet patches sdl! remain 
reminiscent of the days when Nature had its own way. The 
loi^ series of events, Nature’s varying moods, changes in the 
landscape, man's progressive march through the cencuries, carry 
us back to a remote past; on the other hand, in this unique 
English scene the past seems to be with us snll. The flinc- 
knappers of Brandon sdll practise the handiaaft of Stone Age 
man; watch them at dteir skilful trade and look at the Cathedral 
in the Isle of Ely, the oldest part of which dates from 1083; 
we seem to be conscious of the companionahip of geoeradem 
of mediaeval crafbmen. The past and the present join hands and 
the enjoyment of a modem scene is enhanced by a knowledge 
of ocher days. 

It is not only in low-lying Fenland chat it has been posnble 
to follow the match of events through the post-Gladal age: 
peat beds on hills ^ above sea-level have yielded much valuable 
information. At Blackstone Edge on the Halife x road In tiie 
Yorkshire Pennines d^glngs in the moorland peat disclosed 
well-preserved portions of a paved Roman road chat had been 
laid on a peaty foundation probably about A.n. 120. Ac a lower 
level were found pieces of bronze and flint arrow-heads, relics 
of the Bronze Age; and at a slightly greater depth a hom<ase 
of Bos pTxmigenius with flint anow-heads of dje Newer Stone 
Age. From the microscopical examination of peat samples 
taken from diflerent levels it was possible to form a general idea 
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o£ the forest vegeudcn in a reg;ion that is now treeless. Finally 
below the base of the peat a chin layer of sand was reached 
containing; tools left by men of the Older Stone Age. In peaty 
&agmeQCs scraped from the hom<ase 146 pollen>^ains were 
identihed, including birch, oak. lime, and elm. The continuoui 
growth of peat had already begun before the dawn of the 
Bronse Age convening ibrescs into swampy ground occapied 
by a moorland vegetation such as we see to-day. 

Many ocher instances might be given of the value of pollen 
analysis as a clue to the history ofBridsh vegecation. Reference 
lus already been made to a former connexion between England 
and the Continent across the southern half of the North Sea: 
in addition Co evidence furnished by old river terraces and odier 
deposits of an alteration in the relative level of land and sea 
conErmatory &cts have been obtained (com material brought 
up in the nets of cnwlers from the sea-Eoor. About 60 or 
70 miles from die Yorkshire coast there is a submerged plateau 
not more diau tio fr. below sea-level rising rather abruptly from 
the deeper water on its northern edge: this is the Dogger Back. 
From the Sank pieces of peat and wood have been dredged, 
also erratic blocks, bones of land animals including bear, wolf 
hyaena. Irish elk, reindeer, woolly rhinoceros, together with a 
few objects of human workmansliip. It is almost certain that 
when the lower part of the East Anglian Fenland was being 
formed England was not an island but was joined to the Con¬ 
tinent across the North Sea: the Dogger Bank was a patch of 
higher ground on a low-lying swampy plain. It was a relatively 
c^ period, probably about 7500 B.C., when the estuary of a 
greater Rhine of which the Thames was one of several tributaries 
skirted the western edge of the D^ger Bank. 

The forest that left records in the submerged North Sea 
plateau is one of a large number of submerged forests visible 
at low tide at many places on the British coast Several sudi 
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forests have been discovered in excavatioos made in the course 
of dock construction. One of the most impressive subme^ed 
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forests coven a ^iily large area cS the Cheshire coast between 
the Mersey and the Dee. At low tide at Leasowe it is possible 
to see stumps of large oaks scattered over a peaty soil consisting 
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in oart of » mgled msss of undergrowth stems of the Royal 
£«; (Os«u«de (PUte IV). Th«e is no escaj^from the 

conclusion tb« v;hen the trees were M of life the surface of the 
land must have been at least 70 to 9© ft. h^er than it is now 
It has been suggested diat submergence began at about 3000 B.c. 

One of the many problems present to the minds of botanists 
is the orkin of some of oux commoner trees, whether, for 
examples they were inctoduced into Britain by the Romans or 
were among those which came naturally as imm^rants ftom 
foe Continent when post-Glacial climatic conditions were 
fevourablc to the spread of woodland. One example may be 
quoted* a few years ago the microscopical examination of 
Jiarcoal with associated potsherds found in a prehistoric hearth 

atalocality near Cardiffshowedit was beech wood and probably 

Iron Age in daw, less chan a cent^ earlier chan foe Roman 
invasion This is strong evidence in support of the view that 
the beech may be regarded as ahadve tree and not, as previously 

supposed, a Roman introduedon. 

As one scene succeeds another and our retrospect reveals 
contrasts in foe landscape, the question inevitably lecurs-how 
^ is it possible CO express in years the march of events? Accurate 
dating of stages in post-Gladal history is impossfole: and yet 
approximaw esdmates arc not altogether heyood our reach. It 
is certain chat the Glacial period wifo its altcrmting periods of 
extreme arctic, moderate arctic, and temperate conditions lasted 
Buny hundred foousand years. Is it possible to say when the 
Blaci^tinally recreated? A few decadesago a Swedish geologist 
devised a method by which it has been possible to use as a time- 

scale layers of sediment left by streams issuing £fom foe ends of 
melting glacien in foe valleys which they previously occupied. 
This mgeuious method of counting the years, first employed b 
Sweden and later b other countries, has been generally accepted 
as foe best available mefood of reachbg approximate time- 
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measuremeots. In $omc localitae whi^ were formerly under 
ice there may be seen fbirV made up of dun layers of 
sediment lying one above the other in orderly sequence like 
^ly thick sheets of paper: dte layers are in pairs, a layer of 
xeladycly coarse sediment and a layer of finer sediment. This 
regular altemation was mterpceced as seasonal, each pair of 
layen representing a year; die coarser layer was deposited 
during each simuner chaw when the force and volume of die 
glacier water was greatest; the finer layer was made of lighter 
particles transported by the fed>lcf winter stream fiom the 
meldng ice. The rbm sheets of sedimenr, known as verves, can 
be traced for a consider^de di<ta>wy alnng the path of a dwind¬ 
ling glacier; they may be compared with a pack of cards lying 
at an angle on a table with the bigb^ end of each card facing 
the upper part of the valley. At any one locality die pairs arc 
counted and their dikfcrwsses measured, then in a second pile 
firthci along the valley it is possible to establish condnuky with 
the first series by a careful comparison individual laycts or 
pairs of layers. By fbi^ comparative examination of sections 
through piles of sediment left by ice^treams Baton de Geer, 
die Swedish geologist, estimated that die ice finally retreated 
from southern Sweden appronmacely 12,000-14,000 years ago. 
It is not possible to make an equally grisficrory estimate of die 
corresponding event in the British Isks, but we shall probably 
be not very wide of the mark if we say that in this country the 
Gladal period ended approxima rely 15,000 or 20,000 yean ago. 
Some au^on hold that it was neatly 10,000 years ago, gy 
7600 B.a, when the oordieni boundary of the North Sea ran 
Scorn northern Jutland by way of die Do^er Bank to what is 
now the Yorkshire coast in the neighbourhood of Flamborongh 
Head. On the south coast the English Channel probably ended 
in a narrow bay ofi* Beadiy Head and farther east En gland aid 
France were one. At about 5000 AC. a general rise in water- 
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level fiooied che southern parr of the North Sea and the land 
coimecdng Kent widi northern France. Daces of more recent 
periods are based on various kinds of evidence furnished by 
comparative examination of collecuons of pottery and other 
archaeological nucerial, the succession of forests revealed by 
pollen analysis and early historical wrinngs in countries far in 
advance of Briram in human ovilizadon. The Bronite Age is 
thought by some authorities to have lasted from about 2000 B.C. 
to $00 S.C., followed by the Iron Age» the Roman occupation, 
the Anglo-Saxon Age and so through ibt dark ages to the 
Domesday record of A.D. io 8 d. The Bronze Age brings us well 
within the historical period where Geology and Archaeology 
join hands; the archaeologist bridges the gap between the records 
of Nature and the records left by man. 



CHAPTBS S 


Clwt^ing Clitnates and Changing Life 

In this diapter, cerosiog the order followed m Chapters vzi 
and Tin, we shall take a general survey of geological history 
from the onset of ^ Ice Age to the lower limit represented by 
the sorfree of cbe Chalk. 'The first stage m our backward journey 
described in Chapter vm, the records of the Ice Age, was con¬ 
sidered before the more recent records in order to simplify the 
namdve: in this and the followup chapters the reversed chrao- 
lo^cal order is more strictly followed. Tlse rocks co be traversed 
are most of them sedimene laid down in shallow water, some 
close enough to the land to concain remains e£ plants which 
fiimish informadon about tbe nacuK of ebc vegetadoti on the 
coast or on river banks near the edge of the sea. Hiese rocks are 
ibr the most part loose sands, clays, and occadonai beds of peat; 
they are not die band of material usually spoken of in common 
parlance as rock. Hie data upon which this volume of eardi- 
history is compiled have been obtained from a series of old 
sedimmary beds of many kinds mcloded by geologises in the 
Tertiary era; it comprises a period of dme at least 6 o million 
years in length. The whole has been subdivided for convenience 
of correladon and reference into subdivisions or stages with 
disdnedve names, but for present purposes it is unnecessary to 
mention many of th^m. An ouBCanding feanire of tbe Tertiary 
era is chat the great m^onty of the fossils discovered in die 
considerable thickness of die various sedimeotaiy beds are shells 
of ^nimaU chat Uvcd in the sea: the from the highest and 
therefore youngest beds are most of diem specifically identical 
with exiting animals; as we descend co lower and older 
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scdi^nencary beds nearly all the fossils diftec too widely from any 
found in seas of the present age to be identified wirh them and 
are clearly the remains of exdnct forms of hfe. This gradual 
change from almost complete agreement with the present to 
an equally well-marked contrast in the fossils from older Ter* 
tiary rocks was used by Sir Charles Lyell in 1833 as the basb 
of cIassi£cation: he called the later rocks of the Tertiary eta 
Vlioccne, the next older rocks he placed in the Miocene sub¬ 
division, and the oldest he called £<^ene. These names from the 
Greek mean more recent (Pliocene)* middle or medium recent 
(Miocene) and the dawn of recent life (Eocene). Fossils of 
Pliocene age include in some insracces 93 per cent of species that 
are still living ; die percentage of living or recent species in the 
oldest Pliocene beds is os the average 30. In the Eocene beds 
there are only 3^ per cent of living species. Subsequently as 
knowledge increased it was found desirable to intercalate a 
fourth subdivision detonated Oligocene (few recent ipedes) 
between the Miocme and Eocene. 

FLIOCBN& 

What were the conditions in this country befqrc die valleys 
in hilly districts were occupied by glaciers and. at a later date, 
when the greater pare of the British Isles was covered by sheets 
of ice ? It would be natural to expect some evidence of the 
approaching arctic climate in deposits immediately underlying 
the boulder clay and other kinds of material reminiscent of ice; 
and chat is what we find. On the Norfolk coast neat Cromer 
and elsewhere the cliffs are made of boulder clay containing 
enormous boulders of Chalk; below the boulder clay near the 
present sea-level a chin bed of day containing fossil plants was 
discovered many years ago, and among the E’agmenury samples 
of contemporary vegetation were the dwarf willow and the 
dwarf birch, stunted shrubs that now occur on the higher slopes 
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of our mouDtains and throughout ArcQclandj. Their occurrence 
indicates not necessirily an arede climate but a lower tempera¬ 
ture fban chat in Ease Anglia co-day. Below this so-c^td 
arctic bed there are sands and clays containing fresh*wacer shells, 
and below them more sediment with broken pieces of stems of 
forest trees. The abundance of tree stumps and logs was accepted 
as evidence chat the bed exposed near the base of the cliif and 
on the beach ac low tide was an actual surf^e-soil: ic was there- 
fore ca ll ed che Forest Bed, a name that is sdll in use although ic 
is now known co be a misleading description. None of the trees 
were found rooted in the ground where they grew; the wood 
had been carried by water as drifted debris from forests some 
distance away, From an examinadon of the wood and a large 
number of seeds, fniits. and other fossils it was possible co obtain 
a general idea of the vegetation at a stage immediately preceding 
in dme the Arctic Plant Bed. With a few exceptions all the 
plants feom the Forest Bed arc members of che present British 
Hora and clearly indicate temperate conditions very much die 
same as the climate of modem East Anglia. Bones of some 
thirty land animals were discovered in the Forest Bed. including 
wolf, hyaena, cave bear, hippopotamus, rhinoceros, elephant, 
che sabre-toothed dger^a particularly fearsome beast—bison, 
musknox and others. Some of them are extinct, others are 
characteristic of countries warmer than Britain, but the musk-ox 
is now conEned to Greenland and arctic North America. This 
company of animals is in marked contrast to che plants from 
the same bed practically all of which are still living and, with 
few exceptions, are represented in our present flora. England 
was at due time connected with the Continent across part of 
the North Sea then occupied by a bw-lying plain with occa¬ 
sional lakes, a district comparable with the Norfolk Broads, 
over which the larger animals were able to teach Britain. The 
Norfolk sedimentary beds and their fossib throw light on the 
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State of this country at a stage many years before the Glacial 
period; they tell us that the dimare was already chaagmg foom 
comparatively warm to colder conditions, but the records are 
too fow and incomplete to fiinush more than a very partial 
picture. It is, however, interesting to note that the plants 
preserved in the Forest Bed indicate a climate practically the 
same as the present, whereas the larger animals were of a type 
very diiierenc from the present fauna of England. 

Starting from the stage represented by the Forest Bed we pass 
to still older deposits included in the Pliocene period which 
gradually introduce us to a world more and more remote from 
the present not only in time but in the animal and plant popula¬ 
tion. The gravel and sand on the Norfolk coast containing 
bones of many kindi of land animals are believed to be part of 
the delta of a great river which Bowed over the bed of the 
southern half of the NorA Sea: other examples of the same 
series of delta deposits occur in Holland and along the Dutch- 
Ptussian border, but these samples do not beloi^ to the same 
geological horizon, they differ from one another in the fbssila 
they contain and thus make it posable to follow gradual changes 
in the vegetadon on the banks of the river which, in the course 
of a fow thousand years, was building up a delta stretching 
along the margin of the much reduced North Sea. The foUowing 
figures illustrate the more noteworthy fluctuations in the cha¬ 
racter of the flora of western Europe up to the stage represented 
by the Forest Bed and the Arctic Plant Bed of Norfolk, Of 
135 pl«a from the Cromer Forest Bed only $ per cent belong 
to extinct species or species no longer living in Britain; the 
flora was pnctically the same as it is now. Tlw examination of 
100 plants from a slightly lower level in the old river delta in 
Holland showed that extinct and exotic spedcs teached 40 per 
cent; out of 133 plants from a still lower level in the d^ 
deposits in Holland excina and exotic species reached a per- 
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centage of 38 . It is dear therefore due during the dme repre- 
senced hy the duck delta sediments the £ora had become almost 
entirely transformed. Our knowledge of the floras is based 
upon seeds and fruits collected from the sedimentary beds. Few 
botanists are able to recognize more than a few seeds apart from 
the parent plants; in order to identify isolated seeds and fhuts 
found in river^bome sand and clay it is necessary to examine 
a large number of specimens not only of British plants but 
plants now living in other parts of the world, including the 
Par Bast. This entaib making a collection of seeds &om her* 
barium specimens and other sources in order to obtain zniterial 
with which CO compare the fossils. It is only in recent yean that 
the value of seeds and &uits as aids to the determinadon of plants 
has been fully appreciated. 

Deposits belonging to the next older stage of the Pliocene 
period below those already mentioned at Cromer and ocher 
places on the Norfolk coast, are best represented in Bast Anglia 
east of the Chalk, from Su^lk to Bssex aloc^ dae edge of the 
Nordi Sea and inland to Sudbury and Ipswich and to Walcon- 
on-the-Naze in Essex. In this East Ai^lian district there are 
thick masses of shelly sands, clay and pebble beds most of which 
were upraised from the bed of a shallow sea. The clii& at 
Lowestoft, Souchwold, Dunwich and other localities are made 
of these loose yellow and orange sands with layers of clay, 
locally known as Crag, all very similar to the material found 
in modem river deltas jutting into the sea where winds and tide 
pile up banks of shells mixed widt sediment transported by 
rivers. The upper and younger series of these beds, known as 
the Red Crag, occur from Walton to Aldeburgh, atWoodbridge, 
Saxmundham and elsewhae; these deposits are rich in marine 
shells and were almost certainly formed in a shallow and tur¬ 
bulent sea. An iotesesdng fact is that some of the shells of the 
Red Crag are closely allied to arctic spedea and were no doubt 
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Carried by currents ladcudes north of the English locahiies 

where the beds occur; many of die fossils are, however, species 
now living in temperate seas. The shelly sands next in age co 
those known as Red Crag and derived Eom an older sea are 
known as Coralline Crag, not because they contain fossil corals, 
but remains of marine animals known as Polyzoa (or Bryozoa), 
bodi recent and extinct species, some of which bear a superEdal 
resemblance to small corals. The important point is that the 
marine fossils as a whole obtained the Coralline Crag of 
Aldeburgh and ocher localities in SuEblk are comparable with 
molluscs and other animals now characterisdc of warmer seas. 
As we descend from the younger to the older Pliocene sands 
the resemblance of the fossils co animals Eving in British or 
temperate seas becomes less and less. The old estuary of the 
greater Rhine, on the door of which were deposited beds of 
sandy and ocher sediment containing many marine shells, 
overspread the land that is now East Anglia where the bays and 
inlets on the coast were silted up with shell-banks. The sea in 
which the upper and younger series of shell-sands, the Red Crag, 
was piled up near the coast-line was temperate while the older 
Coralline Crag sea was definitely warmer. No more bones of 
land animals like those of the Forest Bed occur in the undeclyii^ 
Crag d^odts. 

Evidence has been found in several districts showing due 
during the long period covered by the East Anglian shallow- 
water sediments the relative level of land and sea changed from 
time to time. The northern part of Britain was gradually sinking 
and the North Sea extended its boundaries: Frwee and Pn g 1 ? n d 
were disumt^. Patches of sand and clay cont em porary with 
some of the East Anglian Crags occur in Cornwall gt St Erth 
near Penzance; they are upraised samples of an old sea-floor 
and show chat the land in south-west England formerly stood 
at a much lower level, about 400 ft below the present English 
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Channel. There is evidence of dits in pladbrms on the coasc cut 
out of much more ancient rocks marlring che posiaon of fomef 
sea-beaches. The neck of land now conneedng St Ives with 
Motants Bay was a strait, and ComwaiJ with part of Devonshire 
was an ar^pelago of itlandt rimalar to the Sdliy Isles at the 
present day. 

MIOCENB 

We have now reached a stage is the hiseory of Britain where 
Nature's documents are laddng and there is a gap in the story, 
though, as wc shall see later, not a complete gap. The events 
recorded in the series of beds from the beginning of ^ Gladal 
period down to the sands and other deposits known as Coralline 
Crag are comprised within the Pliocene pericNd. Descending to 
a lower level in frte geological table we come to rocks grouped 
together as Miocene, a period when a larger proportion of the 
fossils belong to species that are now no longer living. There 
are no representarives, except periiaps some pockets of sedi¬ 
mentary material in dtt Chalk of die Nordi Downs in Kent, 
of diis period in British Isks and. in order to fill die gap, 
it would be necessary to considcf d)e frets furnished by Miocene 
rocks and fossils oa the Continent. All that need be said here 
is thaf an examination of fossil and plants from 

continental rocks shows a gradual amelioration in climaric 
conditions as compared With those in the Pliocene period. 
What does the gap in Britain rignify ? It suggests that conditions 
over die British Isks were unfrvourable to the preservation of 
Miocene records because die wh^ country was above sea- 
level; there were no subraa^ed areas where sedimentary rocks 
could be formed. Such gaps ate not trncommon, mainly 
because most of the infbnaadon used by geok^ical hiscoriins 
is obtained from fossils preserved in old sediments laid down 
not on land but in fresh, brackish, or salt water. The absence 
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of British beds of Miocene age does not therefore mean a com¬ 
plete gap in our history; from the gap, we draw the conclusion 
tiiat while parts of the European condnenc were under water 
the British Isles were land. It is also possible paitially to fill the 
gap hooL another kind of evidence afiorded by clkrly marked 
disturbances shown in the rocks at several localities in southern 
England. We know that in the course of the Miocene period 
events of great importance and stupendous magnitude occurred 
over a very large area in die Nordiem Hemisphere and, as we 
shall see later, these events left their impress upon British rocks. 

0LI60C8NS 

Meanwhile we shall take up the story as written in the sedi¬ 
mentary rocks included in the still older Oligocene period. In 
order to do this it is necessary to go to other disskes of England 
dian chose in Ease Anglia where most of die Pliocene beds 
occur. Rocks of the Oligocene period and many included m 
the sdil older Eocene period occur in England in two areas 
known respectively as the London basin and the Hampshire 
basin. The London basin extends Eom Ipswich in the ease 
through Hertford, Beaconifield, Windsor and Readii^, passing 
south-west to Aldershot and slightly north to Epsom, Croydon, 
Woolwich, Southend and up the Essex coast to Harwich. The 
Hampshire basin lies to the south of Salisbury Plain and the 
South Downs, Eom Dorchester on the west through the New 
Forest to Chichester and Worthing; it u a roughly triangular 
area widi its apex neat Salisbury, bounded on the south by the 
older folded rocks in the Isle of Purbeck and the Isle of Wight, 
and on the north by the arched ridges of ^aJk and the Weald 
district. There is an outlying patch of Oligocene beds at Bovey 
Tracey near Newton Abbot in Devonshire. Within these areas 
are several kinds of deposits, some fresh water in origin, some 
snarino consisting of sands, days, and limestone. 
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At Bovey Tracey and Hcath£cld cbere u a thick mass of clay> 
which supplies macerial used in die local poctery works, asso- 
dated with sand and a hard peacy substance, or lignite, con¬ 
sisting in great part of la^ and qnall pieces of wood. These 
deposits fill a hollow several hundred deep in die Devonian 
and Carboniierous rocks near the edge of Dartmoor. It is easy 
to collect pieces of fossil wood preserved as lignite in an open 
quarry near the road close to the Headi£eld pottery. Tlie hollow 
was once a lake into which rivers carried fine white mud derived 
from the dismcegiadon of the gramdc cUffi of Dartmoor; die 
lake was about xo miles 1<N^ and 4 ituW broad and reached a 
depth of 600 ft. Embedded in the day made of the white mud 
are seeds, fruits, twigs and other fragmentary leroains of the 
v^etadon on the Kills snd by the watercourses of an older 
Dartmoor, together with broken pieces of diifr-wood. Some 
of the fossils are from plants that grew in swamps and fresh-water 
pools: overhai>,ging the lake were forest creca with occaaonal 
fretootu ofaeepers; other kinds of trees grew in ravines higher 
op the river valley. What was the nature of the vegetation 
bordering the lake and in the gullies cut by the river in its ccpurse 
from the uplands ? There wrere ferns r^reseomd by fragmezio 
too small to be referred widi confidence to living genera, but 
among them some that were dos^ related to the Eoyal fern, 
Omunda regalis. One of the most conspicuous cone-bearing 
trees of the ravines was a S^^uaia, a genus now confined to 
California and represented at the present day by two species, 
the mammoth tree of the Sierra Nevada Mountains and the 
more moisrure-loving redwood of the Pacific coast: the Bovey 
Tracey Se^oia was most neady allied to the maznmodi tree, 
$<^ia giganUa, a commonly cultivated tree often spoken of 
by hort^mhsts as Wellingtpnia, Among other cone-bearing 
trees were a yew {T4Cnir) and a swamp cypress (Texodiu/n): 
the livii^ swamp cypress is now oadve in eastem North America 
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and is occasionally grown in our parks and gardens. Fruits and 
otker remains of a palm indicate a climate warmer than we 
enjoy to-day: there was also a Magnolia and a vine. Tliere were 
some water-plants such as a pondweed {Potamegetcn) similar to 
species chat are ^ow common in Bnglish rivers, a spedes of a 
doadng water-plant related to our water aloe or wacet-soldier 
{Stratiotes). A noteworthy feature of the £ora as a whole is that 
it was made up of spedes no loi^r living; the nearest existing 
relatives occur in North Atneclea, in Malaya and ocher distant 
regions. 

One of the your^er series of sedimentary beds in the Hamp¬ 
shire basin is seen on the north-west coast of the Isle of Wight 
at Bembridge, 2 miles south-west of Cowes, exposed in the 
cliiB at low dde. These beds, deposited in the delta of an 
Oligocene river, contain many plant remains along with bones 
of turtles and crocodiles with &esh-water and marine shells. 
The plants, largely represented by fniits and seeds with some 
twigs and leaves, belong to genera that are still Uving or to 
cednet genera; they point to a warm temperate or even a 
sub-cropical climate. Comparison of the vegetadco with tlie 
nearest living reladves shows that the plants on the whole bear 
a close resemblance to species now native in eastern Asia and 
North America, a much smaller number being more nearly 
allied to European species. The only fem found in the Bern- 
bridge beds is closely related to one now common in swampy 
estuaries in nearly all tropical regions south of the .Equator. In 
the Oligocene foceet were cooe-bearing trees chat have lot^ 
been known in tins country only in culdvaaon; one was a 
conifer very closely related to the incense cedar of western 
North America (Ubocednu) which occurs also in eastern Asia 
and New Zealand; there was also a true cypress (Cupressus) 
related to die cypresses of southern Europe, and a species of 
Araucaria, a conifer now confined to the Southern Hemisphere, 
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in Austraiia^ N«w Guinea, the Pad£c hlands and South Ameriix. 
None of these cone-bearing trees is now native in Britain; all 
of them have long since migrated to distant homes and their 
modem representatives have beoi reintroduced to this country 
by man. Tlie incense cedar is often grown in British parks and 
gardens; it is a tree with small scale-like leaves, narrow and 
tapering and siinilai to dae true cypress and the Arbor vitae 
(Thuja): the best known Araucarias in cultivation are the Sooth 
American monkey-puzzle and the Norfolk Island *pine\ Arau^ 
eeria exaUa, one of the trees first described by botanists who 
sailed the southern seas with Captain Cook. Amoi^ the Bern- 
bpdge dowering plants are several genera that ate still found in 
European floras, e.g. a bulrush, a pondweed, oak and beech, 
a ClmatiSt a RammcHhu^ and odiers: it is, however, important 
to note that these extinct Isle of Wight spedes are more closely 
related to plants now living in the Far East than to existing 
European spedes. One of the many flowering plants is a palm 
allied to a species now native in eastern North America, the 
West Indies, and South America. Ihe significant &cts furnished 
by a study of the plant remains m die fresb-water sediments of 
the Bembridge are: there is not a tingle plant specifically 
identical with any e™ing British qwies; most of the nearest 
living relatives are now native in Japan, and the Malay 

Peninsula; a few now occur in N^th America. 

SOCfiKB 

The next stage in our badrwaid journey takes us to sedi¬ 
mentary beds, deposited many million yean ago in a river 
estuary, and now e xp o s ed in die diffk at Hordle (or Hordweil) 
between Becton and VUlford-on-Sea on the Hampshire coast. 
From these beds many fossil plants and a tiiells have been 
collected; we shall confine ou^ves to the plants. The sediments 
are almost entirely fiesh water in origin, made up of flotsam 
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and jecsatn carried by a large liver probably flowing from the 
west into a wide estuary lying over part o£ the Hampshire coast 
in the Milford district and the western edge of the Isle of W^t; 
the occurrence of beds containing marine shells maybe explained 
by occasional incursions of the sea in stormy weather over a 
bar which separated the water from the open sea. Seeds, 
fluks, and pieces of wood transported by the river were pre> 
served in the mud and sand of the estuary: some aflbrd evidence 
of swampy condidom, e.g. the stemless palm Nipa represented 
by a species closely lebted to one that is now widely spread in 
tropi^ estuaries; a fern {Acroslickum) hardly distinguishable 
flom a species commonly associated with N(pn in modem 
tropical swamps; also a species of Stratious, a genus of which 
there is only one livii^ example, the water aloe of Europe and 
western Asia. It is mteresdng to note that this floating water- 
plant, now reduced to a solitary species, was formerly repre¬ 
sented by several species and had a long past history; the sole 
sorvivor occurs in a comparadvely few places in Britain, where 
presumably it was able to live through the Gladal period. Mot 
a single flowering plam foom the Hordle beds of Oligocene age 
is idetxtical with an e^dsdng species: the flora as a whole is 
comparable with floras in soudi-eastem Asia, and 6 c per cent 
of the plants are related to existing Malayan species; It is less 
closely allied to the present flora of eastern North America. 
The climate must have been sub-tropical. 

Condnuing our descent to a more remote age we come to 
a grearmass ofstitTbluish-grey day, the so-called London Clay 
because 40>^oo ft. of it underlie the London area; ic reaches 
its maximum thickness of 500 ft. in Essex; in Wiltshire at its 
western boundary it is only 4 fow foet in depth. The same clay 
is seen in the cliffs at Southend, Walton-on-che-Naze, and 
Harwich; the tunnel dose to Ipswich station passes through it. 
It occurs also in Hampshire and the Isle of W^t; ic lies beneath 
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London and througli it ran the tobe railways; Windsor Great 
Park and most of Richmond Park are on London Clay. On 
the north coast of Eeoc in the Island of Sheppey the clay fonns 
cli£8 200 ft. high, and it was at Sheppey and Heme Bay that 
most of the fbssU plans were feond on foreshore. The 
Londem Clay is a mass of sea mod uplifted ftom die door of 
a la^ estuary whkb once lay over the land that is now south¬ 
eastern England; a large itTer flowing possibly ftom the south 
carried in suspension an enormous amount of fine sedimmt 
made ftom die scouring and disintegration of rocks, and on its 
surftce floated logs of driftwood, ewigs, ftuics, and seeds ftom 
forests on the river bank; the flowing water bore along to the 
dumping ground in the estuary bones of crocodiles, sea-snakes, 
and the remains of many odxer animaU that we now associate 
with tropical counodes. Almost all we know of die plants is 
derived ftom ftuits and seeds and not ftom leaves; fortunately 
many of them have been petrified by the infiltration of the 
mineral iron pyrites in consequence of which thdr structure is 
often ftirly well preserved. The ftwril shells incinde sped mens 
ofa Nauiihu allied to the pearly Nau^lus of dse tropics described 
by Oliver Wendell Holmes as 

of the wandering sea, 

Cast ftom her lap forlorn I 
From thy dead lips a clearer note is bom 
Than ever Trium blew ftom wreathed horn! 

While on n>ine ear it rings, 

' Through the deep caves of thought I bear a voice chat sings. 
The condidons in soudxastem England at the stage in the 
Eocene period represoued by the Ltmdon Clay were no doubt 
very much the ^rng as can now be seen off the mouths of great 
tropical rivers where the rarbid water with floating drift-wood 
can be traced as a dark ftt into tbe cleat ocean many miles 

beyond die coast. If one looks at il^ clay of tbe Kent cllfls or 
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blocks of it excavated in tbe London area the chances are against 
the discovery of fossils, though many are scattered through the 
rock. Nearly all knowledge of the animals and planes is derived 
from fossils left on the beaA; the clay is broken up by the waves 
and swept away^ but the hard fhaics, seeds, bones, and shells are 
left littered on the foreshore as records of a Ici^vanlshed age. 

The invesdgatioii of the plant remains furnishes an admirable 
illuscradon of die possibilities of intensive and prolonged r^ 
search. Mrs Keid and Miss Chandler, who have written a most 
valuable and scholarly account of the London Clay flora, 
collected more than looo spedmens in the course of two short 
visits to Sheppey and Heme Bay. Before it was possible for 
diem to idcndfy the seeds and fruits which they collected and 
the material in die Bridsh Museum they had to spend much time 
izL examining spedmens taken flrom Uving plants and 
herbarium sheets, Most of the London Clay species have been 
referred to existing Emilies, but not to Kving genera; nearly 
ail the genera are extinct and there is not a single exiicing spedes. 
Of 70 genera 47 per cent were found to be related to spedes 
now restricted to tropical lowlands. Five cone-bearing trees 
were idendfled: Afoucaria that was also a member of the younger 
Bembridge flora, a spedes of Cephalotaxus, a genus nowconflaed 
to the mountains of China and Japan, and others that no longer 
live in Europe, Nipa, die stecnless palm also found in the Hordle 
beds, and ocher palms lived on the shores of the Eocene estuary. 
Among die flowering plants was a spedes o(Magnolia^ a genus 
now native in Asia and North America. It would be tedious 
to give a list of the numerous genera; it is the general character 
of the flora as a whole in which we are mainly interested. AD 
the families recogiuzed in the London Clay flora are now 
represented in the tropics; it per cent are confined to die 
tropics; 32 per cent are almost exclusively tropical; 46 pet cent 
are equally tropical and extra-tropical in the present plant world; 
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only II per cent are mainly temperate in geographical range. 
The closest relationship of ^ flora is ‘with ‘the very heart of 
the £asc Anan tropics, namely, v,dtb the Malay islands, where 
73 per cent of the genera arc found at the present day*. The 
majoriry of the plants are most closely allied to genera now 
living in tropical rain-forests in the Indo-Malayan region. 

In recent years much light has been thrown on the nature of 
the vegetation in southern England at difietent stages of the 
Tertiary era chiefly by a comparison of the fossil fruits and seeds 
with those of existing plants. Records of plant life contained 
in some sedimentary beds consist mainly of leaves often beaun- 
folly preserved in clay and other material. Good examples of 
leaves and other scraps have been collected from beds exposed 
in the clifis of the Bournemouth district, at Alum Bay in the 
Isle of Wight, at Corfr in Somerset, and elsewhere. These 
fossils are rather older than chose found at Hordle and slightly 
younger than the London Clay flora; they belong to plants no 
longer native in Britain and tell much the same story as the 
fossils already described, namely a tropical or sub-tropical climate 
in the southern part of what is now England. It would be 
tedious in this brief review of the main episodes recorded in 
Tertiary sedimentary beds to refer to all the many subdivisions 
recogimed by geologists: in both the London and Hampshire 
basins there are fairly thick beds of sand and other water-borne 
sediment to which names have been given indicative of bcalities 
where they occur. One example may be mentioned: in several 
places in (he London area, in Smey, and in the Hampshire 
basin there are yellow and brown sands of shallow-water or^in 
known as the Bagshoc Sands; they can be seen overlying the 
London Cby on Hampstead Heath, Harrow Hill, Horsell 
Common, Poole Harbour and many other places. 

Evidence of (he efiects of long-continued denudation of rocks 
of the Terdary era is seen in many districts and there is no need 
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to describe examples, but It is worrii while to draw atcendon 
to in iiucajice of the almost complete desttuedon of a sandstone 
wHcK formerly occurred as a condnnous set of beds. The 
world^miDus momimenc of the Bronze Age at Stonehenge on 
Salisbury Plain is partially made of great blocks of sandstone 
known as Sarsens or gceywediers containing only a few fossil 
roots and toodecs: die avenue and circle at Avebury in Wiltshire 
are entirely constructed of Satsens, some of them said to we^ 
seventy cons. The name Saisen may come ri:om sar^ trouble- 
some, because the la^e blocks weri a hindrance to clearing the 
land. The rock of which the Sarsens are detached blocks has 
never been found in iitu; the original sandstone beds have been 
broken up by exposure to weathering agents into large pieces 
that are soewn over the Chalk in the neighbourhood of Marl¬ 
borough and ^sewkere. The precise age of these used 
by &e builders of Stoneh^e and Avebury is probably Eocene; 
they are reHcs of a once conrinuous bed of sandy sediment, 
whether of fresh-water or marine origin is uncertain, that was 
no doubt widely spread over the Chalk of southern and south¬ 
eastern England. At Stonehenge there are also some smaller 
blocks of a diEerenc rock, crystalline and darker in colour and 
totally unlike any rocks known in the country. In 1923 
chips of these foreign stones were microscopically examined 
and the siruccural characteristics were found to agree with chose 
of an igneous rock in the Prescelly Mountains on the north coast 
of Pembrokeshire. This discovery, made by examination of the 
minute structure of the rock, s^ed a problem chat had long 
been a puzzle, namely the provenance of the blue foreign stones 
at Stonehenge. The Bronze Age builders must have tran^rted 
the heavy blocks a distance of more than 150 miles, probably 
most of the way on rafts by water, at a time when an arm of 
the sea reached up the valley of the Avon close to Stone¬ 
henge. 



CHANGING CUMATSS AND CHANGING LIFE I 45 

As we travel fartkci into the past die vegetation of Britain. 
becomes sub'Cropical and even tropical^ and its resemblance 10 
chat of the Fat East gradually increases. It is of inreresc to note 
a marked increase in the proportion of woody plants in relation 
CO herbaceous plants as we pass backwards Bom the present: 
the percentage of woody planes, tliat is, Crees and shrubs, is now 
about 27; in the old dora of the Khine delta Co which reference 
has previously been made the percentage was 50, The flora of 
the London Clay is made up almost entirely of woody planes. 
In this connexion two facts may be noted: it is generally b^ved 
chat trees arc older products of evolution chan herbaceous plants; 
also, tropical floras are richer in trees than in herbs. It must be 
borne in mind chat the material preserved in sedimentary 
deposits gives but a partial picture of the vegetation in the mass; 
there muse have been many plants in existence at any one period 
giowir^ in places beyond the reach of rivers which were the 
agents by which samples of contemporary vegetation were 
preserved. None the less it is jusdfiable co assume that the main 
conclusions drawn from a comparison of fossil floras one with 
another and with recent floras furnish trustworthy information 
on the trend of evolution and climatic change. 

Before giving an account of a British flora, rather older chan 
that of the London Clay, which it is possible partially co recoxt- 
struct from fossils discovered in comparatively thin layers of 
sandstone and limestone in some of the Western Isles of Scot¬ 
land, let us pass in review the geological background so & as 
it can be visualized at diflerenc stages of the Tecdary era. The 
geographical conditions in East Anglia in the Pliocene period 
vrtre not very diflerent from those at the present day; an aim 
of the North Sea by over a large part of what is now Norfolk, 
Sufrblk. and Essex. Proof of a greater and mote widespread 
incursion of the sea is frirmshed by the Oiigocene and Eocene 
sedimentary beds of the London and Hampshire basins. It is 
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certain ^at these beds arc mer^y remnants of a much more 
‘Widely dismbuced scries of fresb^wacer and marine sediments 
•which happen to have been preserved in the protected basins 
where now occur. In all probability southern England was 

covered by sea^ sometimes an open continuous scai reaching at 
least as Sax south as Paris; sometimes, as fluctuations in level 
occurred, (he sea was replaced by low-lying land with estuaries 
and lagoons. When we descend to rocks below chose at Bern- 
bridge and Hordle there is evidence of a greater spreading of 
the sea in south-eastern England and part of Belgium and 
France. The present separation of the Tertiary beds into discon¬ 
nected areas, the Hampshire and London basins, is the result of 
movement of the earth’s crust which caused folding, depressing 
the rocks in some places, elevating diem in odien; gradually 
the uprrised portions were worn away by denudation and die 
basins left witbouc flielr former coimenODS. I£ the layers of 
coloured sands and other sedimentary beds exposed in die cli£ 
overlooking Alum Bay be carefully examined it is easy to see 
that they do not lie hoiizoncaUy, as they must have done when 
spread out over the floor of a sea or lake, but stand almost 
vertically like books on a shelf. These Alum Bay beds include 
London Cky and younger sediments, but all of them older 
chan die plant beds of Bembridge. The Chalk clifls, older chan 
any of the rocks so hi mentzoned, of Freshwater Bay and other 
places in the Isle of Wight often afford very disdnet proof of 
tilting and foldii^ as shown by the inclination of the rows of 
dark flints which were originally arranged in horizontal layers. 
In many parts of England where Chalk is exposed rimTlar g^os 
of folding are clearly seen. When did this ibldii^ cf die rcxls 
occur? When beds belonging to a certain geological sQge are 
folded and others, mote recent in origin, are not folded the 
inference is chai the tilting and disturbance occurred after the 
formation of the older codes and before the deposition of the 
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□ndbtiixbed h^ber rocks. As a result of clie ezaminadofl of 
rocks belonging co dw Tertiary era, not oolyin T»n g 1 ^>n/< due in 
ocher parts of Europe and in Ada, it has been definitely ertab' 
lished fiiac die foldi^ of die beds in die Isle of Wight and other 
places in southern England is merely the outer tipple of tvhat 
has been called the Alpine aorm, an e apr e s sion indicating the 
gigantic scale of convulsions in the earth’s oust over a very 
large region which reached its maximum during the Miocene 
period, a period which is pracotaJly unrepresented by sediments 
in Britain. The British Isles were (hen part of the vast continent 
which included the Arctic r^ions; Scotland, Greenland and 
ir0>Ur,A were all one. To the south of this condnent a broad 
ocean lay over southern and part of Cenaal Europe, stretching 
far to the east aooss Persia and northern India; diis aansverse 
ocean is known to geologists as dw Tethya Sea (see 6 ). The 
Alps of Switzerland, die Pyrenees, the Carpathians, and the 
Himalayan ranges had not yet beat fbtmed; the broad belt of die 
earth’s sur&cc where they now stand as a soks of transverse ribs 
and curving festoons was submerged under the Tethys Sea. It 
re<^uiies no liede effort of the imaginadon co fiiHow the major 
events which ultimac^y led to the birth from the oceanic waters 
of the trans-European and trans-Anadc mountain and 

to accept a statement of them, not as a flight of frncy, but based 
on deduedon from observed frets and dieir inc erpte t a rion by 
thorooghly c^npetent geolc^ists—men who have made an 
intensive and prolooged study of the structure of the region in¬ 
volved in amazing storm, whidi swept as a flood of irrensoble 
power through thousands of miles of die rocky cruse Into die 
Tethys Sea rivers from the oxifTnents on its margin aided by 
nrMTiir currents had been c m asp oi t io g aQ kinds of sediment do' 
rived from the wearing away ^cbe land, and in the deeper parts 
of d)c great trough, chalky ooze, with id miscellamous collection 
of shells, the large Foraminifre Numrmlites, had been 
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slowly accumulating. All this material, several miles in depth, 
lying on die slowly sinking floor of the Tethys lay over a 
foundation of much older rocks. Ac last the earth’s crust, which 
foe millions of years had been in a relatively quiescent and stable 
state as a reception area for the ‘dust of continents to be*, under 
the strain of the enormous load began to yield to forces that 
had bng been under control 5 the floor of the trough began to 
rise. This upward movement began long before the Tertiary 
era but did not reach its culnunation until the Miocene period. 
The position was this: two land masses, Burope on the north 
and northern Africa on the southern edge of the dividing sea, 
were relatively rigid and resistant portions of the earth’s crust; 
between them die Tethys Sea partially filled with its beds of 
sediment was a much weaker and less resistant region. The 
pleasure which was the initial cause of the great convulsion 
operating from the south rucked up the weaker Tethys belt 
into broad folds and troughs, squeezing them upwards and 
onwards towards the northern continent; folds, at first gentle 
and symmetrical, as they were pressed against the barrier in 
front of them were transformed into overfblds and recumbent 
folds, that is, the sides of the arches on the side whence the 
pressure came were forced forward and bent so that the folds 
became asymmetrical and the arched layers assumed the position 
of beds in folds that were almost horizontal instead of vertical. 
The rocks cracked and split; the harder and more brittle rocks, 
unable to respond to the pressure by r^ular folding, were split 
into scrips and flakes which were thrust forward as wedge- 
shaped masses inexcricahly intermixed with foe folded and 
ov^olded layers of more pliant material The older foundation 
Stones below the Tethys sediments became molten or semi- 
molten under the in flurry of intense heat accompanying foe 
crustal movement; in foeir plastic condition they penetrated 
along the ciacb and Assures Lying in'their path and thus were 
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mvolycd in th« rising complex of rock sediinencs of many 
periods and incruded sheets and congues of igneous rock. In die 
confaaon caused by this upheaval and chaotic disorder older 
rocks were forced over youi^er rocks and came to rest in the 
reverse order of geological age. La^ blocks of the A&can 
condnent driven across the Tethys area by the connouing 
pressure &om the south, were eventually piled up on the mai^ 
of die European continent: Africa made contact with Europe. 
This bodily transported blodc of foreign rock extends over 
several miles of western Switzerland on either side of the head 
of Lake Geneva, the diserkt known as the Pre-Alps; dom it 
have been c^elled the Macterhorn, the Weisshom and other 
Alpine giants. Evidence of the truth of this almost unbelievable 
story is derived from several sources: the comparison of the 
rocks and thdr fbsdb of die Pre-Alps with those of the odier 
Alpine districts; die'Occurrence of older beds lyii^ above 
younger ones; the striking instance of violent folding seen on 
the face of many mountains; the recumbent folding brought 
to light during the boring of the Simplon tunnel. The pyramid 
of the Matterhorn in its upper part is built of crystalline rocks 
much older than the Jurassic beds at its base; these rocks are 
portions of once continuous sheets fashioned by Nature into 
the disunited mountains of the Swiss Alps. The origin of the 
Himalayan raises was part of the same cycle of mo untain- 
buildup which gave birth to the European Alps; the history of 
the building and upheaval of these two series of mountain 
begins with the piling up age afur age of sediment on the £oor 
of the Tethys Sea; but as the successive stages of their formation 
are followed many didorences become apparent. The highest 
mountains in the world tO'^y are all reUdvely very recent; 
they have lost only a little of their pristine gran^ur and 
eounence through the degrading and levelling processes of 
erosion. On the other hand the oldest hill ranges in the world, 
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soch as ^ose in tlieHorth-Wet Highlands of Scotland deschbed 
in Chapter xvi and die equally aodent Aravalli range in India* 
are insignificant foots of mountain which may well have 

rivalled in hd^t the Alpine peaks diat pierce the clouds in the 
present age. These oldest hilh are made entirely of pre-Cambrian 
rocks» induding die oldest known parts of the ear^*$ crust, and 
have now been re-exposed to the destruedve action of Nature’s 
sculptunz^ tools. The Himalayan ranges are made of a founda¬ 
tion of pre-Cambrian (Archaean) rocks* but above them and 
internuxed with them* as in the Swiss Alps, are great tluck- 
ne$$es of sedimentary rodrs, of^ very highly metamotphosed 
by heat, ranging in age the older Palaeozoic co ^^ene. 
Beds of limestone containing the widely distributed Nummulius 
demonstrate the cnormons area of the Tethys Sea over which 
chat chalky ooze was formed; now it occurs several thousand 
&ec above sea-level. The summit of Mount Everest (2$,ooa ft.) 
is made of limestone of Upper Palaeozoic age; the rest of the 
mountain consists of sediments of other ^e& together with 
crystalline rocks of the pre-Cambrian era (Place V). 

An adventurer incote Himalayan ramparts wrote: ‘Looking 
at Himalayan peaks one seemed to be above everything in the 
world, and to have a gUmpse almost of a god’s view of things.’ 
Knowing somethu^ of the consttuedon of the ridges and 
soaring peaks, and of the circumstances of dietr birdi, we think 
of thern in their dignity and aloo&ess as earth’s noblest 
memorials of the epic of creation. 

Thus were bom die mountain ranges that lie athwart the two 
condnencs: this was the Alpine storm. Thick masses of lime^ 
stone chat were once a soft white ooze on the bed of the Tethys 
Sea occur in die Swiss Alps 10,000 ft. above sea-level and in the 
Himalayas at a height of 20,000 ft.; fbU rock is largely made up 
of the small shells of a marine creature called NumntuUus 
belonging to the class Foraminifera (Copter m. p. 40). The 
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name was su^csted by tbe itsembiancc of the dicuUf flat 
shells, sometimes about an inch in diamcttc, to coins {Lac. 
nummulus^z coin): ?Atfnmitlj‘/es still lives in die Padfic Ocean. 
The age of the Umestoac is eariy Tertiary, rather older than the 
London Clay. Much of modem Cairo is built of mumnulidc 
limestone. The Pyramids of Gizeh on the edge of the desert are 

built of great hlo^ of the same stone, and if diese are examined 

widi the naked eye or a pocket lens one sees flat dicular discs 
of different aaes; many of them that have been worn or broken 
show chat ea c h Nummulite is nude op of small chambers 
arranged in a regular q>iral within dK outer covering of die 
whole shdi. Neatly aooo years ago the geo^pher Strabo 
spoke of the Nummolite of the Pyiamids as lentils. NummuliUs 
occurs in some of die sedimentary beds of the Isle of Wight 
that are in origin. The folding and displacement of 

Tertiary rocks in southern England are correlated in time with 
the infinitely greater rtvohidon that was changii^ the &cc of 
the earth in more southern ladnides. 

We now return to w e stern Scotland where the rocks cell a 
very different story. In order to present in true penpecove the 
physical futures in north-westem Europe in the early days of 
the Tertiary era. it will be helpful to trace the events which 
began shortly after the land that is now the British Isles was 
uplifted fiom the sea, where for thousands of years the material 
that uldmacely became rJiallc had been slowly accumulating. 
The Chalk downs of England are only a part of the upraised 
white ooze fiom the floor of a clear and widespread sea; the 
same rock forms the lowec pevdon of the clii^ on the Antrim 
coast and is hidden under newer rocb in westem Scodand At 
Garron Point on the Antrim coast early Terdaiy lavas are seen 
to lie on and below both is the impervious Lias clay over 
which the great mass c^ lava and Chalk slipped to a depth of 
150 ft. Following the great upheaval of the Chalk and the bixtfa 
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of a new land, subcerranean forces that had long been held in 
check gained the upper hand: flows of semi-molren rock 6om 
deep reservoirs surged as a fiery deluge over the Chalk and over 
oche» and older rocks. convertiDg thousands of square miles 
into barren lava^elds extending over an area not less than 
2000 miles soudi to north which reached far beyond the 
southern limit of die Arctic Circle. This unprecedented maoi- 
^tation of volcanic energy, by no confined to Europe 

and the Arctic regions, is one of the wonders of geology. It is 
convincing proof that after the lapse of many hundred million 
years the earth had not lost her youthful energy. There were 
three major phases of the age of fire; the first has left impressive 
records in some 3000 fL and more of sheet after sheet of lava 
coverij^ enormous areas, products of a series of outbursts either 
from deep fissures rent in the earth’s crust under the compelling 
of subterranean forces or from scattered volcanoes of 
Hawaiian type. The columnar basalts of the Glam s Causeway, 
the columns of the ‘ Cathedral of the Sea' at Hngal's Cave on 
the island of Stafia, the basalts of Mull, Skye, Canna, Eigg and 
other Western Isles weathered into step-Hke tehaccs on the 
hill-^ides, the flat-topped McLeod’s Tables of Skye (1600 ft), 
precisely similar basaltic platforms on the hiUs of Disko Island 
and the mainland of western and eastern Greenland—all these 
are parts of one stupendous whole, a pbteau covering millions 
of square miles that was once a great northern continenL The 
second phase is represented by the more coarsely crystaUine 
rocks of the Cuillin and Red Hills of Skye, and the granitic 
rocks of Goat Fell in the island of Arran: ^ese rocks were not 
poured oot as lava-streams, but were forced upward as a dom&' 
like mass from a deep-seated subterranean source and. as their 
coarser texture proves, slowly cooled under the pressure of a 
thick superincumbent load: tiac comparatively latge size of the 
crystals indicates gradual and not rapid solidification fiom a 
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molten mass. These ewo phases of prolonged rock-hnilding 
help us CO appreciate the immensicy of ge(iogical dme. The 
second phase is an equally saiking example of rock desctuction 
as a measore of geological dme. We sec die jagged peaks of the 
Cuillin Hills risu^ to a height of 3000 ft. above sea-lcvd which 
at no distant dace, as earth-history is reckoned, were buried 
under a considerable thickness of younger rocks that have been 
utterly destroyed by the ceaseless operation of denudation. The 
world, CO OUT limited visicn, appean to be almost static ; moun- 
taim we have thought of as symbols of etemicy, seen through 
geological spectacles, take dicir place as episodes in a series of 
events which have moulded the changing features of the earth’s 
6ce. The rocky coverii^ of the world viewed hy geologists, 
‘foreshortened in the traa of time’, reveals itself as a dynamic, 
mobile crust responding from age to age to constructive and 
destructive forces which have operated aznee the earth’s early 
youth. 

As the long period of igneous activity reached its climax there 
followed a third phase, less spectacular though widespread in 
its effects: an enormous amount of molten rock was impelled 
upwards which did not How over the ground as lava but forced 
its way into innumerable cracks and fissures in the earth’s surface 
and there solidified as dykes, walls and sheets of basaltic rock 
(Chapter iv). Many examples of dykes running vertically 
through other rocks ot inclined at various angles can be seen in 
the Inner Hebrides and in many other places; they vary con¬ 
siderably in breadth, fiom afoot or two to 100 ft., a^ by reason 
of their greater hardness often stand out conspicuously as pro¬ 
jecting walls. One of the best places to see these dy fc<^ is on 
the beach near the southern end of foe Isle of Arran where they 
extend outwards as dark bands in foe red sandstone which they 
penetrated through roughly parallel fissures. Similar dykes of 
the same age occur also in northern England and aftbrd evidence 
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in their wide dmribuoon of the gtedC octent of cotmcry a&cced 
by the titanic forces employed by Naruie’s aichhsct in the eady 
stage of the Terdary era. 

So ftf die events chrooickd in the igneom rocks of the Tnn^r 
Hebrides, northern Ireland and ocher more distant regions have 
been spoken of as thou^ there had been continuoas outpourings 
of lava with ocxaaotal showers of ash and, in some di str i ct s, 
upwelling nf gigaitrir ftf mr.1w> r<> main ^ 

rh&. imtil, in cnoiv. nf qttw, rh^ mwfing 

rocks were removed by eroaon. There is, however, clear proof 
that the esctnidon of lava was intermittent: intercalated among 
the lava-beds are layers of sedimentaiy material, hardened sand 
and mud, layers of coal, and beds of fine-grained limestone 
containing beantifiilly preserved leaves, some firuks and odier 
plant fragments, also a &w examples of insect wings and shells. 
The tichesc planc-cofiraming layers occur neat the base of d)e 
pile ofbasalcic lavas on Ar^un Head, die low * headland of die 
waves’ near the sootb-westem comer of Mull, the island on 
which, from his home on Iona, Saint Colnmba most often have 
gazed. Trees, shrubs and other plants were able to colonize 
'the firozen fires of Vulcan* during quiescent intervals: rivers 
fiowing in cut in the laiva-field carried, wuh sand and 

mud, scraps of vegetable debris, and it is from these water-borne 
sedimentary rocks, sealed and protected by later fiows of lava, 
that it has been possible in some degree to reconstruct the 
vegecatioQ which flounslud frr a tiine on the soudiem edge of 
the great nordsem contmeait some thousands of years earUec 
th an the stage in geological history represented by the London 
day. 

Almost all the plants obtained from the sedimentary beds 
among the lava^ows are trees: only one fan has been identified, 
a species of OnocUa, a genus now rep r esented by the sensitive 
frm (Onocka sensibilis), which is widdy distributed in Canada 
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and die United States; it occors also ia nonhem China and 
Japan. OrwJ<et is no longet wild in Britain hue is often grown 
in our gardens. It is interesting to find rhag OnocUe formerly 
liTed in nonh-wescecn Eoropc and in Greenland, regions where 
it loi^ ago 6iled to surnve. Its presenc disconnnuous discribu- 
don in North America and in the Far East is explained by the 
fossils in MulL la all probability OnodiM originated on the 
northern Tertiary continent, perhaps notdt of the Arctic Circle, 
whence it spread radially into America, Europe, and die Far 
East; in the central or Eoropean region it became extinct, 
sharing the fitte of many other plants that &ilcd to survive the 
rigours of the Ice Age. Among o»e-bcaiing sees were a 
Sequoia closely allied to the Califbmianiedwood, and a Cephal^ 
taxu! nearly related Co a species now living in Japan and China. 
Fossil twigs and cmes fbtrad in the island of Skye agree closely 
with the Mfiffing Cryptomeria japomca of China and Japan; it is 
the tree of the &mous Avenoe of Nikko. One of the most 
interesdog trees that lefi excepdcmafly well^reserved leaves in 
the Mull sediments is a species of now represented by 

die maidenhair tree, so called because the leaves are dmilar in 
form and venadoo to the leaflets of &tns. Cinh^o 

is one of the most impressive examples in the plant world of 
survivals from a remote past; the solitary Uving species, Ginkgo 
biloba, is faTwiliar in culdvadon, but ic is very doubtful whether 
it exists anywhere as awild forest tree. China was undoubmdly 
its last refuge and the oldest spccimeas are diose in China and 
Japan. It is the last rdk of a family dut was once almost world¬ 
wide in distribudon and pbyed a prominent part in die vegeca- 
don in die Jurassic period. The leaves preserved in the Mull 
sediments, hardly distinguishable &om those of the living cree, 
show that the maidenhair tree was a member of die British 
flora in the earlier pare of the Ternary era. The same spedcs 
flonrished at the same time in Greenland, Spitsbergen, and^other 
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Accoc lands. One of the conspicuous trees in the Hebridean 
forests was a plane (Platonus) with large, handsome leaves and 
flowers almost identical with those of the existing occidental 
plane of North America. The oiJy species now nadve in Europe 
is the oriental plane of Greece and Asia Minor: die familiar 
plane tree of our streets, the so-Kalled London plane, Is known 
only in cultivation and is probably a hybrid between the 
occideiual and oriental plane. Among other trees in die nocthem 
forests were a hazel (Ccrylus) and a cornel (Cernui) »nulat to 
British species but more nearly akin to species now found in 
the Far East. There was also a vine and that, too, closely resembles 
a Japanese spedes. These are only a few of the trees and shrubs 
that grew in the forests of the northern continent Bom Mull 
in the south to high Arctic latitudes in the fat north. 

In the account of post-Gladal vegetation, reference was made 
to evidence furnished by the microscopical examination of 
poUen*'grains preserved in peat: many difTerent kinds of pollen 
have been found in layers of peacy material in the island of Mull, 
e.g. pollen of a MaffioUa, a genus no longer represented in 
Europe. 

Much more might be written on the fossil plants from Mull 
and other localities on the lava-fields of the northern continent 
chat was long ago broken up into widely separated pieces; the 
important flacts for our present purpose are as follows. The flora 
as a whole probably included no species still living in any part 
of the world, diou^ it is difficult in some instances to say where 
the diflerence between the extinct and recent species lies. The 
flora Is not, in a geological sense, very much older than that 
reconstructed from the fossils in the London Clay, and yet che 
two floras have practically nothix^ in common; the Mull flora 
is not tropical like the Indo-Malayan. type of flora of the London 
Clay. Nowadays there arc only minor differences between the 
vegetation of western Scotland and diat of southern England. 
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Anxfthtt pcwc is that, while in bodi ihe nortbem and southern 
floras cheie is no stable British spedes, there are several planes 
in the northern flora closely rebted to living British trees and 

shrubs. Moreover> the Qordiem flora has its nearest hving allies 
in the Fat East, espcdally in the mountains of (^hina. These 
well-marked distiiicxive featores, even making allowance ibr 
the difl«ence in age between the two floras, are noteworthy; 
they afford evidence of rlimapr contraso. An interesting fact 
is that the flora of Mull ^rees very closely wiih coniemporary 
floras in Arctic r^ons, an addidooal proof of considerable 
change in rJimate heeween the early part of the Tertiary era 
and the present day. 

We pass now to another question of no litde interest to which 
it is not possible to give a very deflzuie answer, namely, at what 
stage m the Terd^ era man made hh appearance. The human 
race was ondoubtedly in ezhtence before the Ice Age, but how 
long b e fa e we do not know. Flint implements, now generally 
believed to be the wotk of mao, have been found beiow the 
Ked Crag of Suflblk: others were flwnd in the Forest Bed 
above the Red Crag; die two deposits are separated by at least 
50,000 years. The implements at the base of the Forest Bed may 
have been made by early man 400,000 years The large size 
of these old implements, ic is su^ested, shows that diey may 
have been flishioned by strong men with la^e hands. The 
probabiliry is that more human than apelike, were 

witnesses of some at lease of the events recorded in the delta 
deposits of the river which flowed from the over 

the southern half of the Nordi Sea, s e ver a l hundred thousand 
years before the Bridsh TtW were as Greenland is to-day. 
Looking back through die mists ohscitriog the past, free based 
on convind&g evidence give place to a^ assumptions; 
we ree in imagmatiofi the gradtsal tiansfbnnadon of brute 
cteatures into beings traositicaia] between apes and man. 
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dentures whicii, at a la«r stage in eyolutioo, rose to a l^i g h g r 
mental level and used their aims and hands for chipping scones 
into unplcmenc serviceable in the ordinaiy activiiies o/lSc- The 
EQumec and dace of this greatest of all steps in erolutlon axe, 
as ye^ only voy partialiy revealed. It is ac least certain that 
most of the drama of the rocks ao fiir described was enacted 
millions of years before the birth of the human race. 

Ic is difficult for us whose sense of time tends to be inBuenced, 
or even dominated, by the span of human history to form a 
true conception of geological time: a period that taVw ns back 
through $0 or 90 inillioEi years might be regarded almost as a 
measure of eternity, and yet the ages briefly considered in dus 
chapter cover but a fraction of earth-history which b^an at 
least 2000 million years ago. One might expect that during this 
latter dme there would be chronicled in the rocks only com¬ 
paratively insignificant and orderly changes, events such as 
might be estpected in the history of a planer chat had been slowly 
cooling foom a gaseous, molten state, riunges confiscent with 
enfeebled age. Since the discovery of radioactive mineral? it 
has been necessary substantially to revise standards base d on the 
conception of a gradually cooling earth. Loss of heat hy radia¬ 
tion has been continuous, but there has been a no less contmuous 
supply of heat foom the dUintegradon of minerals within the 
rocks which rejuvenates the whole and, as it were, inocu- 
btes a senile earth with an elixir of perpetual youth. If this 
revised conception of the earth is correct, we should expect to 
find even in the more recent chapters of geological history 
evidence of persistent youdiflil cncigy*. It is true Aar die ha^ 
peiungs recorded in Ac rocks ac the h^er leveb of the Tertiary 
era cannot be described as catastrophic or on a gigantic scale; 
they cell m of changes in Ac rdadve position of sea and land 
witiiin comparatively narrow hmita, of climatic fluctuations, 
of the existence of animals Aat no longer exisc anywhere in the 
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world, and of ochers that now live in covmtries remote from 
Britain. Descending to the lower levels desaibed in the latter 
part of this chapter, we discover proofr of two very diflerent, 
though probably not unconnected, far-reaching and tremendous 
revolutions in the structure of the eattli’s crust: the more recent 
was the conversion of the Tethys Sea into a chain of mountain 
raises, including the highest peaks in the world. This Alpine 
storm, which transformed the free of the Northern Hemisphere 
long after the London Clay had been spread over the seanBoor, 
was geologically an event of yesterday. Going f^her back to 
the older Tertiary rocks of western Scotland, we find another 
proof of the perpetual youth of a world over 2000 mUlion years 
in age. Tlie terrific convulsion diat was the origin of the Alps 
and Himalayas did not spend itself in one great wave of mountain- 
building; there was an afrerenath which found expression in the 
cteation of a frr-fiung coadnent made almost entity of^cous 
rocks, the products of lo:^<ontinued volcanic acdvicy and the 
uprising of molten material from subterranean sources. The 
condnent was continuous from northern Ireland, the Western 
Isles, the Faeroes, Iceland, Greenland, Spitsbergen, and Franz 
Josef Land. Most of this condnent lay beyond the British area, 
but the fossils collected from the sedimentary beds between 
sheets of lava in some of tlic Inner Hebrides enable us to visualize 
the astonishingly uniform vegetation represented in the forests 
and undergrowth which colonized the lava-field from the polar 
regions to the southern boundary of the northern continent of 
which MuU, Skye and other islands are dismembered fragments. 
The uniform character of this early Tertiary fiora is clearly 
shown by a comparison of fossil plants long ago collected from 
rocks of the same age as those in the Western Isles, in Giizmell 
Land, Greenland, Spiobe^en and other Arctic lands. The close 
resemblance of many of the speoes still living in the Far East 
throws a £ood of light on the wanderings of plants over the 
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world’s sur^cc: many trees and shrubs on the mountains of 
China are, no doubt, the descendants of species that once 
flourished in the Arctic regions and on the western edge of 
Europe and may have been first evolved on the vanished 
northern continent whence they were driven by climatic change 
to seek new homes; those that migrated along a southern route 
into northern and central Europe were in all probabilicy de¬ 
stroyed during the Glacial period, others chat migrated to the 
south-east survived in the more genial valleys of China where 
dicy were not exposed to the devastating effects of the arctic 
cold. 
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The Flooding of the World 

Hie chapter of history recording die physical and biological 
change durii^ the long series of years preceding the Tertiary 
era is called by geologists the Cretaceous period; it is so named 
because the Chalk (Uc. creta) rocks of England are an impressive 
memorial of an outstanding episode in the history of die British 
Isles in the latter part of the span of some^^ million years covered 
by the whole period. The Chalk is the most conspicuous and 
the most widely distributed rock of this period in Briuin, but 
it is not the only kind of rock included in die Cretaceous age. 
In this chapter emphasis is laid on the major subdivitiom of the 
period from whiti it is possible to follow the changing geo¬ 
graphical conditions between the dawn of the Tertiary era and 
the closii^ Stages of the Jurassic period. The Cretaceous series 
of rocks are grouped in descending order under the following 
names: 

Chalk; Upper Greensand and Gault; Lower Greensand; 
Wealden. 

The relative ages of rocks can usually be determined by the 
order of their anangement as seen in a geological section, 
e.g. on the face of clifls by the sea, in quarries and other excava¬ 
tions, the lowest beds being the oldest When beds of difrerent 
kinds succeed one another in regular order it does not neces¬ 
sarily follow that their formation as sediments was a continuous 
process, a continuous sequence in time with no intemiptlon or 
pause. Rocks of Tertiary age are often seen to be directly above 
Chalk, and yet we know that in the British Isles there was a 
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time-interval bccwc«i the Crccaceoios period and the Tertiaty 
era. This knowledge Is based on mere dtan one kind of evidence: 
the uppermost pact of the Chalk in England does not represent 
the latest stage in the Cretaceous period; in some locaJices in 
Dord^-westem Europe there arc stiH higher and younger layers 
of Chalk below the oldest Tertiary beds:*another piece of 
evidence is diat the Chalk, platform on which sands belonging 
» the earlier stage of the Tertiary era rest in English locahties 
is uneven and shows signs of havii^ been long exposed to 
denuding agents before dae deposidon of the younger beds. In 
western Greenland and some'other regions there is a gradual 
transidon from Cretaceous to Tertiary sediraeruary rocks with 
no evidence of any break in continuity; in the Briash area, on 
the other hand, there is always a gap in dme between the two 
sets of beds. What happened in Britain was this: the Chalk was 
upraised from the bed of a sea and became the surface of a new 
land; for a long time the Chalk land was exposed to the weather 
and much of it was worn away, also in places it came under 
the destruedve influence of the sea. Eventually after the lapse 
of many years the deposits of the next age were deposited on die 
denuded surface. The land Aar is now England does not give 
us a complete story of the passage from the Chalk age to due 
which inaugurated the Terdary era; daere was an interval during 
which there was rock-destrucQon and not tock-construedon. 

In a previous chapter a short account was given of the extent 
of country where the Chalk forms die surface-rock or is hidden 
by supeifrdal deposits such as boulder clay or gtavd and sand. 
The pcesenc distribudon cannot be taken as a measure of die 
area which it once covered: diere is proof of its former occur¬ 
rence over a considerable part of nordi-west Ireland where in 
the Antrim clifls Chalk underlies Tertiary lava-flows; it occurs 
also In patches in western Scotland and there is reason Co believe 
chat Cretaceous rocks once covered a wide area m the heart of 
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(hat country. There is something peculiarly English about 
Chalk: it is true that rock of the same kind occurs in some 
districts on the north European seaboard, but Chalk is essenti ally 
a chaiaccerisuc feature of the English landscape: 

The long green toller of the Down 
An image of die driugc ebb. 

Another writer on Downiand speaks of the 'solemn slope of 
m^hty limbs asleep'. Chalk makes a spedal appeal to our 
aesthetic sense; the thin green mantle over its smooth curves 



Fig. 7l», ScetJOA of the Wold. 

WS, Weald Saadseobe; WC, Weald Chy; LG. Lower Greeauftd: G. Oault 
and Upper Greeuand; C. Chalk. 


Studded with flowers of the incomparable harebell and many 
other herbs, the hushes and trees that flourish on a soil rich in 
lime. The cliffs of Dover and the white walls on the Sussex 
coast have for centuries cheered the hearts of trSiY^Uers returning 
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home; narrow tracks over the Downs near Winchester and 
elsewhere, burial mounds silhouected against the skyline, remind 
ns of occupation by generations of prehistoric man. Even a 
slight knowledge of the nature and origin of Chalk adds sub¬ 
stantially to our interest and pleasure by caking us back in 
imaginadon millions of years before the birth of the human 
race. In order to appreciate the EiU significance of the story 
revealed by the Chalk we must £nc ascetcain what it is, of what 
it consists and how ic was made. The thickness varies consider¬ 
ably, from about 16^0 ft. downwards. In Norfolk it is 1400 ft. 
thick, under London 650 ft, at Beachy Head, near Eastbourne, 
900 fc.; at Lublin, in Poland, a boring showed a thickness of 
2S00 ft. Not many years ^o most geologists believed that the 
Chalk was formed on the loor of a deep sea: the chief reason 
for this was its supposed close resembl^ce in composition to 
a white chalky ooze that covers an enormous area of the ocean- 
bed at depths of 2000 ^thorns and more. Recent research has 
modified this view: ic is now believed chat Chalk was built up 
through many thousand years as a deposit made of a white 
calcareous mud and the remains of shells belooging to a varied 
population of marine creatures in a comparatively shallow sea. 
Ic consists of about 90 per cent, or even more, of carbonate of 
lime, the substance precipicaced as a white powder when air is 
blown through a tube into lime-water. There is a very slight 
admixtoie of particles of sand derived, no doubt, from sedimenc 
carried by currents or blown by wind from the land. The 
carbonate of lime is made up of from 5 to to per cent of minute 
shells of Foraminifera, the creatures whose remains make up 
most of the ooze, spoken of as Globigerine ooze from Glofn 
gnitte, one of the living Foraminifera, on the ocean door at the 
present day. Some of the Chalk consists of fragments of shells and 
complete shells of brger marine animals of many kinds, but most 
of it is Enely divided material without recognizable structure, 
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somewhat similar to a mud now bdng d^ositcd duough the 
action of bacteria in the sea off Florida and the Sahamas. Shells 
of sea-urchins, often well preserved, diough rarely with the 
spines attached, are abimdant fossils, also shells of bivalves of 
various sorts and rarely pieces of petri£ed wood carried by 
currents from the land, A striking feature is the abundance of 
flint usually in the form of irregular nodules a few inches in size 
but in some places in la^e blocks and more or less continuous 
layers. Flint consists of silica: occasionally on breakup open a 
nodule one finds cemains of fossil sponges which had a flinty 
or siliceous framework instead of the homy skeleton of a bath 
spoi^. We do not know cjcactly how flint was formed; some 
no doubt came fiom sponges, but probably more was deposited 
from sea water as jelly which became hardened into lumps of 
stone. Flints washed out after the removal by denudation or 
solution of the softer ChaHc ue the chief constituent of die 
gravel that is often seen on the upper surface of the Chalk. The 
possibilities of flint in decoradve designs are illustrated in many 
of the fifteenth-century East Anglian churches; its use as a 
building marerial was realized by the Romans who constructed 
Richborough Castle near Sandwich. At a few localities small 
boulders of diflerent kinds of rock have been discovered in 
Chalk and these may have been carried out to sea by floatu^ 
seaweed or entangled in the roots of drifting tree stumps, 
or possibly even by floating ice. The conclusion is that Chik 
consists mainly of finely divided calcareous material possibly 
produced by the action of bacteria which set up chemic^ 
reactions causing the precipitation of finely divided carbonate 
of lime; in pate of shells and broken fiagments of shells of many 
kinds of animals living in the sea far enough fi*om the land to be 
out of reach of sand and mud that are deposited nearer the 
coast The gradual piling up of all this calcareous material on 
the bed of a comparatively sbafiow sea undl it reached a thick- 
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ne&s o£ w«ll over ^ tKoosaod or even two tkousand feet raises 
the (jtiercion—how could due happen in a sea that was not 
deep ? As the white ooze with the embedded shells increased 
in quantity the ocean-Hoor did not remain stationary but was 
slowly sinking, thus making possible a contbued accumulation 
of the future Chalk without the sea being hlJcd with its own 
deposit. It has been calculated due the ooze may have been 
formed at the rate of about i ft. in 10,000 yean: be this as it 
may. the Chalk of Shakespeare’s CUf at Dover, Beachy Head 
and Flamborough Head represents several million years. The 
words put by Milton into the mouth of Eve when she calked 
to Adam—‘With thee conversing I forget all dnie’—are not 
mappropriate to our contemplation of Chalk clii& and the 
rolling hills of Downland. 

From the present distribution of Chalk and other rocks 
included in the Cretaceous period we can reproduce in outline 
a picture of the geographical conditions over the area that is 
now the British Isles. There was land over part of Scodand and 
Wales bordering the Chalk sea, in Cornwall and Brittany; part 
of the Pennine Chain cose above sea-level and over the soud\-wcst 
ofEngland was an archipelago of islands. An especially striking 
f)Ct connected with the Chalk and other marine Crcuceow 
sedimentary locb is the proof they aCord chat not only in 
Britain but inNorch America, western Greenland. Nordi Africa, 
and as for away as Austcalia there was an almost world-wide 
flooding of the earth’s surface. In North America a broad sea 
lay’over the land from Alaska to the Gulf of Mexico coveiiflg 
the low-lying prairies; die Sahara desert was submerged and 
many oclier regions char ate now land. 

if we look at a Chalk clif we can easily see whether the rock 
was uplifted foom the sea vertically and retained its original 
horizontal position or whether it had ac any nme been involved 
in movement and folding of the crust; this mformadon is given 
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by ibe conspicuous rows of dark flint nodules which are charac- 
Cerisac of much chough not of all the Chalk. The flints in the 
cliffs at Freshwater Bay and the Needles in the Isle of W^ht, 
Ballard Cliff in the Isle of Purbeck and at many other places 
show that the rock has been tilted and now occupies an almost 
vertical posirion: this folding dates from che Miocene period 
when a very broad zone of the earth’s crust was violently 
corrugated and fractured during the great revolution known 
as the Alpine Storm (see Chapter k). 

It is possible to some extent to appreciate the length of time 
represented by the diickncss of ie Chalk, whui from its 
nature must have been bnilt up very slowly on che bed of the 
Cretaceous sea, when we recall how Dr Rowe, whose work has 
already been mentioned, was able to follow steps in the evolu¬ 
tion of sea-urchins by comparison of the speaes found at 
different levels. Bvolution was a gradual process. When we 
confrne our survey of animals and plants to the present world 
it is difficult to realize that each species marks a stage in a long 
developmental process: on the other hand, when we follow the 
procession of extinct organisms through hundreds of feet of 
Chalk and many other rocks a world that to us seems sutic and 
unchanging becomes dynamic and we see dimly the unfolding 
of lifo against the geological background. 

Attention has been caUed to che almost complete lack of sand 
and ocher sedimentary material in the Chalk. A suggestion has 
been made, which iLustrates how geologists endeavour to inter¬ 
pret evidence furnished not only by rocks in bulk but by micro¬ 
scopical investigation of small particles. If a piece of chalk is 
dissolved in acid the small amount of insoluble residue left may 
contain <Tr>all grains of sand foat are unusually well rounded, 
an indication that they have been exposed to the wearing and 
rubbing action of wind, possibly under desert or semi-desert 
conditions. Such sand-grains may have been blown by wind 
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sand-dunes and. though dunes are by no means conned 
to deserts, they are cbaracterisdc of dry wind-swept regions. 
If the inference is correct that rounded sand particles in Chalk 
came &om the shore of a desert country, it affords another ex-- 
planadonof the lack of water-borne sediment, since there would 
be few or no rivers in a dry climate to act as transporting agents. 

Chalk is not the only rock assigned by geologists to the 
Cretaceous period: immediately below the Chalk In many parts 
of England there is a sedimentary rock known as Upper Green¬ 
sand, a sandy material containing in places harder and more 
compact layers of a £inty substance called Chert. The Upper 
Greensand lies on a thick mass of clay familiar to many people 
as Gault, a name of East Anglian origin; it is a muddy depone 
upraised ffom die sea-floor as we know firom the varied assort¬ 
ment of marine fe&sUs. Gault forms die undercliff at Folkestone 
where it is pierced by the railway tunnel; it is seen in the cliff 
at Eastbourne and at many other places in South England and 
in the Cambridge district; it has been found in borings under 
London. With Upper Greensand it occurs in the upper part of 
the hill on the coast of Dorset known as Golden Cap, it forms 
the floor of many valleys as In the Vale of Pewsey, in Wiltshire, 
that is bounded by an escarpment of Chalk. The underefiff from 
Bonchurch to Bhckgang in the Isle of Wight, made of a dis¬ 
orderly mass of Men rock, is a good example of a landslip 
caused by the slippery surface of Gault underneath the Upper 
Greensand and Chalk. Similarly the landslip in the Axmouth 
district, near Lyme Regis, was caused by the sliding downwards 
of Chalk and Upper Greensand over die surface of the under¬ 
lying Gault. The landslip occuned in 1839 when 40 acres and 
$ million tons of rock slid towards die sea leaving a chasm over 
300 ft. broad and about 200 ft. in depth, Two fcetors were 
concerned in these landslips: the slight inclination of the rocks 
towards the sea and the surMe of the Gault made slippery by 



170 TBB PLOODINO OP TUB WORLD 

die accumuiadon of percolating water, that had passed through 
the permeable Chalk and Upper Greensand, on die impermeable 
clay. The Red Chalk &miliar to visicors to Hunstanton, in 
Norfolk, as a bright red rock in the face of die clif is a marine 
deposit older than the ordinary, white Chalk, and equivalent 
in age to the Gaolt. The important ftet is that the Upper Green¬ 
sand and the Gaulc are both marine sediments formed in a sea 
that was shallow and near enough to land to receive sand and 
mud transported by rivers and currents, in contrast to the clearer 
and deeper water in which, at a later date, the Chalk was 
formed. 

Passing below the Gault, we come to the next older rocks 
that are called the Lower Greensand, another upraised pile of 
sandy sediment that was deposited on the sea-fbor. In Cam¬ 
bridgeshire and Bedfordshire and some other districts the yellow 
and orange colour of many houses shows that they are built 
of Lower Greensand: the rock is in some places hard and In 
others of loose texture; a good example of the btter may be 
seen in the ^e of a cliif close to Sandy station, in Bedfordshire, 
which illustrates particularly well the irregular layering or 
beddii^ of the sand known as current-bedding (Chapter iv), 
a feature characteristic of sandy rocks deposited in shallow water 
with shifting currents. 

So far the rocks we have traversed in this chapter arc marine 
in origin: all contain samples of marine life and a reladvcTy 
small number of fossils of animals and plants that lived on 
neighbouring lands. We now take up the Cretaceous chronicle 
recorded in the rocks of the Wealdeo district. is, an area or 
hills, valleys, and plains over parts of Kent, Sussex, Surrey, and 
Hampshire (see Rg. 7 a). Thenorthem boundary extending from 
Pamham chroughGuildford andon to Folkestone is formed by the 
North Downs; on the south it is enclosed by the South Downs 
domLewes to Beachy Head and along theB utserHillsnear Peters- 
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field in Hampshire. These rwo areas o£ Chalk, truncated on the 
coast ac Deal and Dover on the north and at Eastboome on the 
south, may be compared with the arms of an elongated horse¬ 
shoe, the open end of which &ces the French coast, where the 
Wealden beds of England reappear beyond the present dividing 
sea bounded by a semicircle of Chalk drat is the eastern counter¬ 
part of the Butser Hills. The Wealden area is geologically one 
of the most interesting and instructive districts in England; the 
rocks enable us to reproduce a feirly complete picture of the 
changing landscape in the early stages of the Cretaceous period 
and of the anlTnal and plant population, also the e^Kt of hard 
and soft rocks as Actors diat have been instnimervtal in giving 
to this small region its characteristic and varied scenic features. 
The oldest rocks of the Weald occur within the horseshoe; 
they are enclosed by elliptical bands of progressively younger 
rocks bounded by the youngest rock of all, du Chalk. Next 
below the Chalk is the Upper Greensand, and next below that 
is a broad band of relatively soft Gault sweeping as an expanse 
of low ground round die whole area and re&dhg on a band of 
Lower Greensand concentric with it, on whi^ are situated 
Dorking, Rebate, Sevenoaks and Maidstone. Passing &rther- 
fromthcperipherywecomecoasdll broader zone of clay known 
as the Weald Clay: Haslemere lies on the junction of die Lower 
Greensand and Weald Clay. The central area of the Weald is 
made up of sandy rocks and clays with some limestone which 
form at the sur&ce an irregular mosaic lackii^ the regular 
disposition of the encircling bands of younger cocks. On the 
higher ground at Tunbridge Wells weathered exposures of 
hard sandstone are a conspicuous feature; East Gnnstead is 
Mtuated on ground where Weald Clay forms the surface. 
A general view 6om a vantage point such as Leith Hill looking 
south shows an expanse of low-lyii^ country occupied by the 
Weald Clay, induing the valley of the Medway and Ditchling 
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Common. Escarpmoiw of the harder and more reshtaat Lower 
Greensand are prominent features of a sandy district with heath 
and pine woods. Leith Hill (965 ft.) is made of Lower Green¬ 
sand ; St Martin’s church stands on a Lower Greensand escarp¬ 
ment beeween Guildford and Godaiming overlooking the flat 
Weald Clay. The hard sandstone below the Weald Oay joins 
higher ground culminating in Crowborough Beacon (800 ft.}. 
The nature of the fossils ftom the sandstones and clays within 
the horseshoe and next below the Lower Greensand show that 
the beds are sediments deposited not oa foe floor of a sea, but 
in fresh water and not 6r from land- The Lower Greensand 
was deposited in a shallow sea in contrast to the ftesh-watec 
conditions dearly revealed by the fossil content of the beds that 
lie below it. The Wealden rocks are the upraised sedimcucs of 
a large ffesh-water lake coveting south-eastern England and 
parts of Belgium, northern Germany and France; not many 
miles away was the western margin of an open sea separated 
from the l^c by hilly ground composed of rocks foac have long 
been buried bebw the surfoce, rocks that form a great ridge 
discovered by borings through the much younger beds lying 
above it. It was in this concealed ridge-^ denuded range of 
Palaeozoic hills—that borings discov«ed coal in 1890 in foe 
Dover area. Rivers flowing over the land on foe edge of foe 
Wealden lake built up deltas of sand and mud which gradually 
advanced farther and forfoer over the lake-floor; foe lake sedi¬ 
ments were subsequently uplifted to form foe Weald Clay and 
foe sandy rocks of Tunbridge Wells. As rock-building con¬ 
tinued foe floor of foe lake gradually sank, making possible foe 
accuraclation of sediment to a thickness of over 2000 ft. After 
the formation of foe sedimentary beds on the bed of foe lake 
the area sank to a still lower level and foe waters of foe neigh¬ 
bouring sea swept over foe district where the lake had been: 
in the early stages of the marine invasion the lake was com- 
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p4nnv«ly shallow and in it were deposited the sands which 
uldmately became die Lower Gieemand; later, as die depth 
increased thick masses of mud took the place of sand and these 
became the Gault; condidons then changed and the Upper 
Greensand was laid down; later sciU> as the depth of water 
increased the sea encroached over more of the land, the edge of 
which receded beyond the reach of dcttims carried by rivers. 
Over the floor of the clear and deeper sea there slowly spread 
a white coze containing shells of marine creatures of many 
kinds until after a long period the soft limy material was con¬ 
verted into Chalk. 

By following the various beds of Chalk, Gault, Greensand 
and the older Wealden beds from the northern to the southern 
boundary of the Weald and noting the angle of inclination of 
the beds, the relation of the several kinds of rock one to another 
becomes apparent and a defrnice stcuctural plan is revealed. 
A section across the district is shown in Fig. yh: the whole area 
has the form of a broad truncated arch, the upper portion 
having been removed in frie course of long-continued denuda¬ 
tion. The Chalk of the North and South Downs is the basal 
portion of what was once a complete arch; similarly the escarp¬ 
ments of the Lower Greensand are remnants of the lower part 
of the series. Older lodcs occupy the middle of the folded area. 
As the rocks of the Weald were being gradually folded they 
came under the influence of denuding agents, especially rain 
and frost: the country as we see it now with its varying sucfrce- 
f«tures, plains of less resistant and relatively $o6 clay, escarp¬ 
ments of Lower Greensand with steep frees sloping towards 
the cencte of the horseshoe and the less steeply inclined sutfree 
sloping outwards. In the first stage of the upheaval the thick 
series of sedimentary beds of many kinds was arched upwards; 
in the subsequent stage of desnuedve erosion and denudation 
the diflerent textures and hardness of the rocks determined the 





174 FLOOPINO OF TBE WOSPP 

patRm imposed by Nacuic's scolpturug tools upon the sur^e 
of the Weald, fn the central part of the area denudation has 
laid bare a fnv patches of rode older chan any members of the 
Cretaceous formadoa. When were ^e rocks in the Wealden 
district subjected to bceral pressure whkh caused diem to be 
elevated into the broad arch that is soil clearly discernible in the 
present structure of the fbondadoo-stonos? The folding was 
accompanied by strains and stresses whkh hactured die rocks 
2C many places and caused local distorbances in the arraj^ment 
of the b^s, especially the sandstones and days in die older 
and central part of die district In die Isle of Wight rocks of 
Cretaceous age show et^ually striking evidence of folding and 
fracturing. Geologists have satisfied themselves that the 
heaval reached its mavifpmn jic a period a good deal later than 
the London Clay. For the Ntioceitf stage» which, is almost 
cfidrely unrepresented by sediments in the British Isles, has left 
its impress in structnral features imposed upon older rocks at a 
rimg when mountain ranges on the Eotopcan mainland and in 
Asia were being lifttd from the Tedip Sea. The British area, 
though outride the r^on of most intense crustal disturbance, 
was not entirely immune; the Wealden rocks, and the vertical 
beds ofChalkin die Isle of Wight and elsewhere, are two among 
many proo& England was afiected in a minor degree by 
the fu-ceachu^ Alpine storm. 

The fresh-water sediments of the Wealden lake are well 
displayed oa the east and south coasts of the Isle of Wight, is 
the cliffs of Compton Bay, Sandown Bay, and Adterfield and 
other places. On the foreshore at low tide, ncariy half a mile 
south-west of Brook, there can be seen a tree trunk ao fr. long 
festooned with seaweed and partially converted into stone by 
the infrltradon into the tissaes of water chafed with carbonate 
of lime (Plate VI). Thg CTaminann n nf thin ggerinns shnwgd riiat 
the fossil tree is closely allied to the Scoopine; it was carried by a 


PLATE VI 



Fcs^ (TCc at Brook» Isle of Wight 
A petrified stem a ‘Wealdeii conifer, 20 ft. long 
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river ftom the woodland bordering the WeaJdeclake. The rocks 
which have been rapidly traversed in chapter, from the 
Chalk CO the sands and clays of the fresh>wacet lake, embrace 
a tune-period extending over several million years. We shall 
now take a general survey of the records of life that have been 
discovered in the sediments from the Chalk sea and in those 
from the older fresh-water lake. Reference has already been 
made Co fossils from die Chalk; chey include shells of Foramini- 
iera, a group that is well represented in the seas of the present 
day: much la^er shells belonging to many kinds of molluscs 
similar to, buc not idencical vflxh, Uving oysters and other 
bivalves, shells that were the external protective skeletons of 
marine animals belonging to anodier class that is now repre¬ 
sented by the lamp shells (Brariuopods), characterized by two 
valves, one rather la^er than the other, and difTenng from the 
shells of other bivalves (Lamellibranchs) in thdr mote sym¬ 
metrical structure. Sea-urchins were pardcularty common in 
the Chalk sea; there were also sea-lilies or crinoids clos^y 
related to species now jiving in both shallow and deep oceans; 
a few corals, shells of N(sutihs. There were ocher spirally con* 
SQUcced shells, more elaborate in structure than those of the 
Nauiilus, belonging to an extinct group known as Ammonites, 
so named because some of the shells resemble the closely wound 
horns of the Egyptian deity Ammon. Among ocher eztxnct 
creatures of the sea ace BelemniCes, common fossils in Cretaceous 
and Jurassic rocks, which are the hard internal skeletal parts of 
animals related to cuttle-fish; in old days the cylindrical poinred 
Belemnices, a few inches long, were known as Thorns thunder¬ 
bolts. Sponges are among the more abundant fossils and 

their remains can often be found in dint nodules. Skeletons and 
grinding teeth of fishes are also common. The animals of the 
and those preserved in the Gault and Greensands, chough 
seme of them are identical with existing species, do not difrer 
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very widely from Inhabitants of modeni seas; they surest 
comparatively warm water of no great depth. 

In order to obtain a general idea of the land vegetation 
bordering the Chalk sea, we must go to other countries where 
plants have been found in shallower water, deposits approxi¬ 
mately equivalent in age to the Bnglish Chalk containii^ 
vegetable debris drifted into deltas in river estuaries in Nor^ 
Amecia, western Greenland and the continenc of Europe. 
Practically all the fossil plants are twigs, leaves and ocher scraps 
£rom trees; we know hardly anything of the contemporary 
herbaceous plants. There were many &ms; among the more 
abundant are fronds of several species of a genus {OUkhtnia) 
that is now almost entirely tropical and no longer exists in 
Europe. Cone^waring trees were conspicuous in Cretaceous 
forests: trees closely related to the redwoods and mammoth 
trees {St^ucta ); trees allied to the umbrella pine of Japan 
(Sciadopitys) which is cultivated in botanic gardens, ancestors 
of the maidenhair tree (Ginik^) and sever^ others. Broad- 
leaved trees include planes (PJatanus)^ MagnoUe and many ofrier 
trees and shrubs which had ibliage and flowers diHering but 
little from diose of living species. The more ootewordiy features 
of the Cretaceous vegetation preserved in rocks corresponding 
in age to the Chalk, Gault and Greensand axe as follows: they 
do not difler much from exisdng members of the plant Jdng- 
dom, but they belong to trees which for the most pan no longer 
live in northern Europe or anywhere in Europe; their nearest 
of kin are found in North America and Ada, In the latter part 
of the Cretaceous period the present dominant in the plant 
world—the flowering plants—occupied a prominent position 
in the northern forests whldi flourished over a broad region 
reaching to within a few hundred miles from the Norfri Pole. 
The climate must have been much warmer and much more- 
uniform in the Northern Hemisphere than it is now; one of 
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the most impressive examples of this coacrast is fWnished by 
the discovery in wescem Greenland and North Ameriea of 
remains of die bread-fmic tree [Aftocarpus] that is now restricted 
to die tropics. 

Passing to the older Cretaceous rocks represented by tbe 
sediments of the Wealden lake, we notice certain clearly defined 
diiierences. Ferns are still fairly abundant and comparable to 
species chat are now tropical or sub-tropical Cone-bearing 
trees include pines, araucaria, cypresses and ethers. Wealden 
rocks of northern France and Germany have yielded good 
specimens of exdnct maidenhur trees. Some of the best fossil 
^ants from which it has been pc«sible to reconstriKC ^ vegeta¬ 
tion that grew on the shores of the Wealden lake were obtained 
in Baglai &Dm rocks at Ecclesboume and Fairlight near 
Hastings. There were many kinds of plants known as Cycads, 
though many of them were only remotely related to living 
Species: Cycads are now a small group almost exclusively 
tropical and nowhere abundant, some of them, c.g. in South 
Africa, are known as sago palms because their la^ £ronds. 
several feet in length, are superficialJy very siinilar to those of 
palms; they are, however, not related to palms but are meunbers 
of the large of naked-eeeded plants (Gynmosperms) which 
the cone-beaiing trees. Most of the Wealden Cycads, 
as they are misleadingly called, belong to an extinct group 
which was fonnerly almost world-wide in distribution. An 
important point is that, so fer, no flowering plants have been 
found in the older Cretaceous sediments in England. The v^e- 
tation of the latter part of the Cretaceous period, as we have 
seen, included many dowerix^ plants such as planes, magnolias, 
the bread-fruit tree, and several odieis; there were some Cycads 
but not as many as in the older Wealden forests. This contrast 
raises an interesting quesdon; flowering plants ace now die 
largest class and the most widely distributed; they played the 
s© ** 
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$ime dominant rdlc in tlie Terdary ttz and we can trace them 
£irdier back into the later stages of the Cretaceous period when, 
though less numerous and less varied than they subsequently 
became, they were soil a conspicuous feature in the vegetation. 
On the odier hand, when we pass to the early Cretaceous beds 
of Wealden age no flowering plants arc found, and so far as we 
know in die still older Jurassic vegetation there were practically 
no flowering piajits. The history of flowering plans is much too 
complicated and difllcult to be discussed here; there are certain 
aspecB, a brief reference to which nuy be of inccrest. When 
and where did flowering plans first make their appearance? 
We do not know the answer to either of these questions. The 
problem of the origin of die most successful fla« in the plant 
kingdom has long been present to the minds of students of 
evolunon and many attempts have been made to solve it We 
know chat flowering plants of che kind we are famijjac with 
to-day have been traced back dirough the Tertiary era and 
through che Cretaceous period. It is true that no examples of 
them have been found in English Wealden sediments, but a few 
ace known from rocks in Greenland believed to be equivalent 
in age to our Wealden beds. Possibly, and indeed probably, 
ancestors of some existing trees were first evolved in Arctic 
lands and gradually spread father and farther south. Flowering 
plants suck as we know in the present floras of the world must 
have been preceded by ancestors long since exunce and probably 
bearing little resemblance in foliage and flowers to their living 
descendants. One fact is well esublislicd and that is the ap~ 
paiendy rapid and sudden rise to dominance of flowering plants 
in the course of che Cretaceous period; the earlier history of the 
class is still shrouded in che mists of past ages. The sesirch for 
origins is never-ending and one of che most fludnaong occupa¬ 
tions of chose who seek co unravel Nature s secrets. 

Attention was drawn in the precedu^ chapter to the abundance 
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of large animals in Britain in the Norfolk Forest Bed, in deposits 
assigned to the Glacial and post<Gladal periods. The animals 
such as the mammoth, rhinoceros, lions, bears and many others 
are members of the highest class, the mammals, so called because 
mothers suckle their young, Some of these Tertiary mammals 
still live in countries remote from Britain; some arc exdnct. 
The Teidary era is often called the Age of Mammals as it was 
vridiin that period and the following Quaternary period that 
mammals reached cheii climax in variety, size, and geographical 
range, Skeletons and scattered bones discovered in Tertiary 
rocks older than the Norfolk Forest Bed have thrown an tn- 
teresni^ hght upon the evolutionary history of such animals as 
horses and elephants; die ancestors of our modem horses were 
no larger than a fox. Similarly, ancestral elephants are known 
to have been much smallec than the late Tertiary and living 
spedes (Chapter rvn). A few mammalian remains have been 
found in Cretaceous and Jurassic rocks, but it is true to say chat 
there is no evidence of die existence of the large and modem 
type of mammal before the beguming of the Tertiary era. The 
CittACCOQi period belo:^ to a geological era which has been 
called the Age of Reptiles, animals such as lizards, snakes, 
crocodiles, and ocher ^g>Iaying, cold-blooded creatures. Croc^ 
diles, turtles and ocher reptiles lived in the water and on cbe 
muddy flats of the Wcaldcn lake, but those chat were clien the 
most conspicuous members of die class have long been exdnct; 
they were Dinosaurs. Some Dinosaurs greatly surpassed in size 
even the largest mammals and were very much larger chan any 
exiscutg tepdlc. In 1S22, bones of one of these excrncc beasts 
were discovered in the Weald district at Uckfield, and the 
animal was called Iguono^w ftom a resemblance to tbe South • 
American Iguana : other remains have been found in more recent 
yean, particularly an important discovery made by an amatcut, 

R. W, Hoolcy, a business man in Winchester who was able to 
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put togecW a complete skeleton from bones coDecced in beds 
of Wcalden age ac Adierfield in the Isle of Iguanodon 

was a v^etaiian; ic walked on long bind legs and used its 
shortci fbce-limbs co reach boughs of trees; it was 15 ft. or 
more in he^ht. Many o^r Dinosaurs have been discovered 
in Cretaceous rocks» especially in North America and tropical 
Afeca. This strange race of animals died out before the Ternary 
era; their huge unwieldy bodies and exccemely small brains 
seriously handicapped them in the struggle for eascence. There 
were also flying reptdes (Prerodociyl) provided with large wir^ 
attached co the elongated fifth Anger of each band. One of 
the best known ejctinct reptiles is Ichthyosaurus, discovered by 
Miss Mary Ancing, in iSaS* injuxassic rocks near Lyme Regis; 
this beast, characceriged by large swimming paddles and a long 
snout, together with the stream-lioed, long-necked and smaller- 
headed Plisiosaurus, lived in Cretaceous and Jtifassic seas. 

The single word Cretaceous, used in a geological sense, con¬ 
note a period of earth-history the significance of which is 
beyond our power to grasp; it covers a stretch of dme that we 
can only feebly describe as immeasurable. The little we know, 
and it is very little, of the changii^ face of the earth and the 
procession of living things that moved across die world's stage 
creates a desire to know more of an age when the old order 
changed, giving place to the new. We should like to know 
much more of die life 00 the condnencs washed by Cretaceous 
seas and gulA and dn islands set in the waste of waters. It was 
on the 1^, as well as in the seas, chat great transfbrmadons 
were made; the Repdlian dynasty was being gradually ousted 
by the rapidly growing sttcngth of the dynasty of Mammals. 
The saaps of vegecadoo embedded in the sedimeae from seas 
and lakes give only a tancalizingly imperfea picture of the 
forests and undergrowda in r^ens beyond the reach of rivers 
and other transporting agents; in the Cretaceous period the 
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vegetation of the world assumed its present dress and replaced 
an older one that had previously held sway over the whole 
sur&ce of the land: It was in tht course of the Cretaceous pcnod 
that the animal and plant world passed 6:0m an andent to the 
modem type; it was an age of transition, an age in which the 
stage was set for a new company of actors, excepting only man, 
whose time was not to come until millions of years had passed. 



CHAPTER 3a 


Estuaries, Lakes and Seas from the cliffs of Yorkshire 
to the coast of Dorset 

PcDetndng below cbe sandstones, clays and other rocks de¬ 
posited as sedirneQC on the door o£ the Wealden lake on (he 
surface of which were reflected the trees and onde^rowth in 
the early stages of the Cretaceous period, we reach a tliick pile 
of other sedimentary rocks containing records of the next older 
period in the history of the earth that was long ago named by 
a French geologist the Jurassic age. The name was taken from 
the Jura Mountains on the 6x>ntlei:$ of France and Switzerland 
which are made of regularly folded rocks upraised from the 
bed of a Jurassic sea. It was on fossils collected from rocb of 
the same age in south-west England that the Father of Pn gli$h 
geology, William Smith (see Chapter c), based his epoch- 
making statement: 'The same strata are found always in (he 
same order of superposition and concaia the same peculiar 
fossils.’ Names given by him to successive sets of rocks included 
in the Jurassic period are sdll in use, but for our present purpose 
it is unnecessary to do more chan refer by name to a few of the 
subdivisions. The rocks of this period make up<e pile of sand-** 
stones, c^ys and limestones having in some places a 
of many huudred feet and representing in dme about 35 or 30 
million years, rather less than half the duration of the Cretaceous 
period. It will be convenient to commit to memory a few of 
the names given co foe more important series of sedimentary 
beds comprised within the period. The youngest Jurassic rocks 
are spoken of as Upper Jurassic and include in descending order 
foe Tuebeckian and Fortlandian series which are displayed in 
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cbdi greatest devebpment ia the Isle of Purbedc and the Isle 
o£ Portland respectively i next below them is the Kicnmcridge 
Clay, which is preceded by rocks o£ another kind known as the 
Coral! ian because of the abundance of fossil corals; below this 
series is another thickness of clay known as the Oxford Clay. 
Below the Oxford Clay is the Great Oolite series, followed at 
a lower level by the Inferior Oolite series: as the name implies, 
many of die rocks of diese series have an oolidc stniccure (see 
Chapter rv, p. 49). The oldest series in the Jurassic period is the 
Liassic stage. 

As we follow the changing fecc of the earth through the aeons 
of geological history and trace the events dimly recorded in the 
stniccure of the rocks and in the fessils many of them contain, 
we discover evidence of alccmating periods of fer-reachlng and 
intense upheavals and folding of the crust accompanied by 
protracted volcanic aedvicy, followed by loi^ interludes of 
relative stability when the raw material of the cocks of a later 
age was quietly accumulating on the floor of oceans and fresh¬ 
water lakes. Throughout the long Jurassic age the rocky founda¬ 
tion of the British area, like other parts of the world, was not 
subjected to any great crustal disturbance; there was no flooding 
of the land by lava-flows, no building of mountain chains, but 
an almost uninterrupted deposition of water-borne sediment 
and the slow growth of limy ooze consisting of shells and other 
hard parts of marine animals on the floor of a clear and rebdvely 
deep sea. The distribution of marine, brackish-watec and fresh¬ 
water sedimentary rocks in the English area is proof of the 
incursion of Jurassic waters over much of the country that is 
now land. Jurassic rocks form a fairly broad band &om Redcar, 
in county Durham, through East Yorkshire, Lincolnshire, Rut¬ 
land, Northamptonshire, Cambridgeshire, Bedfordshire, and 
Oxfordshire and on to Portland Bill on the Dorset coast. During 
foe loi^ period foe whole of foe sorfece where the rocks are 
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exposed was at one tiine or another citlici an open, a land-locked 
sea, a delta or an estuary. In addition to the exposures over the 
continuous scrip of Er^land from the county of Durham to 
Portland Bill icie are odier places in England and Scotland 
where rocb of the same period txxrur, either as isolated patches 
or as detached hills not hi from the main mass. There arc 
exposures of Jurassic rocks in the Carlisle district, between 
Brora and Helmsdale on the north-east coast of Scodand, in 
some of the Inner Hcbrid® and in north-cast Ireland. Glastoji- 
bury Tor and Bredon Hill in Gloucestershire ace what ate 
called outliers, which means outlying portions left by the erosion 
of rocks which originally linked them with the main Jurassic 
belt. Ic is highly probable tliat the Jurassic rocks in Scotland 
are remnants of widespread sheets formerly covering a much 
larger area. When a considerable part of the British Isles was 
under water there was a large land area on die site of die North 
Atlajitic Ocean; the mountains of Wales, parts of Devon, 
Cornwall and Brittany were islands near the edge of the ancient 
continent. Ail the Jurassic rocks are sedimentary in Origin; 
none are volcanic. The most characteristic feature is the variation 
in the nature and manner of formation of many of the sediments 
as they are traced from one district to another; in some localities, 
e.g. in the Cotswold Hills, most of the rocks are limestones 
uplifted from the bed of a clear sea; in others, sandstones and 
clays aSbrd evidence of shallower water either neat the sea¬ 
shore ordn the broad estuary of a river. Beds with marine 
fossils in one district are represented in another by contemporary 
beds containing remains of estuarine animals and samples of 
land vegetation. This variation is apparent not only as the 
Jurassic rocb are traced laterally over the whole belt, but rbere 
is a similar variatiou when the beds are followed from layer to 
layer in a vertical direcdoji. The changing character of the 
sediments is indicative of rising and falling of the surfoce, of a 
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rhychmic osdiladon in d«pth of ^ wacet and in the physical 
environmenc. 

Immediaiely below che oldest Cretaceous rocks we come to 
youngest Jurassic which are seen ia their most 

impressive development in the hies of Purbeck and Portland. 
Sediments of die same age ocmr at Shotover Hill near Oxford, 
at Swindon, and at many other places. To the Purbeck and 
Portland series we owe some of the grandest coastal scenery in 
southern England, the diffe of I>uriscon H»d soodi of Swamge 
and chose farther west at St Albans Head. Tbe perpendicular 
di£ of Portland Sill are composed mainly of limestone con¬ 
taining nuznerous marine shells. The Purbeck and Pordaod 
roeb, including limestone, sandstone and od^ sedimentary 
beds. &rm isolated bilk and windup tidges overlooking low 
ground occupied by softer and less resistant Joras^ and Cre¬ 
taceous clays. The youngest of these sedimentary beds, the 
Purbeckian series, maid: a transition &om the marine rocks of 
the Portland series to the fredi-tvater beds of the early Cietaceom 
Wealden lake. In the latest or Purbeckian phase of the Jurassic 
period the southern direrkt of England was a land of fresh¬ 
water and swamps: this we know ^om tbe fossil content 
of the rocks. On the cliffeastofLulworth Cove one sees trunks 
of trees encased in a chalky substance chat was probably pre- 
dpitaced over them as foey lay in a pool of water saturated 
with cad)onate of Erne. These fossil plants and the assonated 
material are an example of a land-suifoce. Large, pardally 
petri£ed stems, many feet in length, of extinct con^bearing 
trees are common objecta in the Isle of Portland. A weUdenown 
rock hom the uppermost Jurassic series is the Purbeck marble: 
it is a mottled green and red limestone called marble because 
it can easily be polished; in it art numerous shells of a fresh¬ 
water snail known as P^virp^us. and formerly called Paludina. 
Purbeck marble was extensively used in the thirteenth century 
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for shafis and pillars In mediaeval cathedrals: good examples 
can be seen ui Salisbury Cathedral,. York Minster and many 
other Gothic buildings. The important poinc is chat the geo¬ 
graphical and physical condidoos in souchem England at the 
dme of the Wealden lake were preceded in the dosing stage 
of the Jurassic period by very similar conditions; there was no 
clearly marked break in condnuity. The Pocdand rocks under¬ 
lying chose of Pucbeck age are marine in origin, rkh in am¬ 
monites and the shells of many other creatures, and are proof 
^of an area of sea which was later occupied by swamps and lakes. 
The steep Dorset clifis are made oflimestone diat was originally 
a chalky ooae on the floor of the Portlandian sea. Pordand stone 
was 6rst used by Inigo Jones, in idip, in the constrocdoii of the 
Banqueting Hdl of Whitehall, and by Sir Christopher Wren 
in the rebuilding of Sc Paul’s and for many London churches; 
it is a light grey stone which turns whiter afier exposure to the 
weather. If one looks dosely at Portland stone, one can readily 
detect pieces of many kinds of shells of animals which con¬ 
tributed more than lOO million years ago to the fonnadon of 
one of the best building stones in the world. 

Condnuing our descent below the Portland series, we come 
Co a chick mass of clay, die Kimniehdge Clay, named after 
Kimmeridge in Dorset where, as in many ocher parts of 
England, it is well developed. The same clay has been traced 
£:om Yorkshire, through the Midlands, to souchem England; 
it contains marine shells, bones of Ashes, and ocher animals, and 
was deposited over a large area on the floor of a muddy and 
reladvely shallow sea. Kimmeridge Clay underlies many flat 
tracts of country including some of the Fenland. Below the 
day there follows a series of rocks that arc spoken of as Corallian 
because of the occuirdice of many fossil corals chat are remains 
of reefs in a clear sea. Rocb of Corallian age, exposed near the 
village of Upware, ro miles north-east of Cambridge, mark the 
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posidon of coni rcefi in the Jnnssic sea: other exposores are 
seen in the shores of Weymouth Bay, at Filey Brig, and in the 
Castle Kock at Scarboroc^L The next stage in descending order 
is represented by a second thick mass of known as Oxford 
Clay; it underlies the city of Oxford and occors at many places 
in southern England, also as &t north as lincolnshire and 
Yorkshire; it forms the foundation of much of the East Anglian 
Feniand and is responable for the monotonous scenery which 
has its compensarion is the wide aq>anse of sky, the sunsets and 
a certain sencunental attractiveness felt by people who have lived 
in die Fen country. When the Oxford Clay was slowlyincreasing 
in thickness as mud on die sea-door, the Jurassic sea lay between 
two land-masses and was jmned to a wider sea by a strait 
bounded on the west by the Wdsh lulls that formed the eastern 
edge of the Atlantic conrinent From the numerous Oxford 
Clay pits in the Petceborongb district with groups of tall chim¬ 
neys ^brickworks the brodters C. £. and A. N. Le e ds, notable 
examples of amaenn who have substandally contributed to 
knowledge of andent life, made a remarkable coliccooa of 
skeletons of Ichcbyosauis and many other exrirut reptiles tiiat 
abounded in Jurastic seas. Oxford Clay Bos below the Vale of 
the White Horse, in the valley of the Evenlode, in Bedfordshire 
and Huntingdonshire and along the borders of the Thames 
valley. Beneath this tbiA deposit of clay, belonging to an 
earlier stage in the period, there are sedimentary beds of lime¬ 
stone and others of shallower water origin: layers of rock 
ass^ed by geologists to the Great Oolite series are seen in the 
L.M.S. railway cutting at Roade and other places; the Bradford 
Clay, after Bradfbrd-on-Avoo not &r horn Bath, is of 
this age. The rocks seen in the embankment at Roade are men* 
cioned as one of many examples ofintcresting exposures of beds 
of difierenc ages diat one sees in the course cf railway journeys; 
thdr age can generally be made out by reference to (he gecK 
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logical map of the British Isles. The well-known Ston&hcld 
roofing slates (menrioned in Chapter tv) are made of sandy 
limestone, and siioilar thin beds occur in the Cocswold country. 
The Stonesfield beds are famous as the source of some of the 
oldest known fossils of mammals. One of the best districts for 
the study of Jurassic rocb in England, especially limestones 
beloi^ii^ CO the Great Oolite and the Inferior Oolite secies, is 
the Cotrwold country; most of the Cotswold HiDs are in 
Gloucestershire, and are part of the long Jurassic belt; the steep 
western escarpments of relatively hard rock overlook the Vale 
of Bvesham and Gloucester: towards the east the surfaces of 
the escarpments slope more gently. The whole district is a 
country of rolling plateaux and wolds of limestone widi well- 
wooded narrow vaQeys, The local grey-biown stone and the 
roofing slates of the attractive Cotswold buildings are from 
sediments opraiaed from a Jurassic sea. Much of the stone is 
made of debris &om coral reefs battered by the waves under 
conditions comparable to those in the Great Barrier Reef, off 
the eastern seaboard of Australia. Rocks of Middle Jurassic age, 
many of them oolitic in structure, have long been used as 
building stones: Satnack stone, reputed co have beeu quarried 
chirteen centuries ago, was employed in the construction of 
Ely Cathedral, of Peterborough Abbey and in churches at Bury 
Sc Edmunds. The darker columns in Ely Cathedral are Furbeck 
marble and the Lady Chapel arcading is carved in a homo¬ 
geneous hard Chalk. Other well-known stones are from 
Ancaster in liocolnshire, Ketton In Rutlandshire, and ocher 
places. The yellow-brown and pink Ketton stone is one of the 
best examples; its tightly packed oolitic grauis are a striking 
feature; when examined in a thtn cransparent section one can 
see that each grain consists of concentric layers of carbonate of 
lime with a central nucleus such as a small Bagment of a shell. 
The oolitic structure is usually supposed to be due co the gradual 
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deposition of concentric layers in shallow water rich in lime as 
the particles were rolled to and &o by correnes. !c is probable 
chat this structQre> characteristic of many Jurassic limestones, is 
the result in pare of die action of very small and simple water- 
plants which caused the preapitadoD of carbonaos of lune. 
Modern oolite occocs on die shores of the Great Salt Lake of 
Utah and the Red Sea. Ifi adding to die building stones already 
mendoaed, the Bath stone, induded in the C^eat Oolite series, 
is a good example of ooUte; iz was used by the Romans tn didr 
buildings at Bath, by the mediaeval masons at Glastonbury 
Abbey, and in many later buildings. Most of the Oxford 
coUe^ and Universky buildings ate bniU of jorasde oolitic 
rocks from quarries at Headiogton, Wheadey, Cowley, and 
other places: many of the roo6 are co v e red with StonesHeld 
slate. Some of the buildings adbrd grotesque examples of the 
destruedve acdon of (he weadier, notably the gigandc beads on 
tall pedestals surroxmding part of Wren's Sbeldonian theatre. 
Ketton stone is seen to great advantage in Wren's library at 
Tnnity College, Cambridge, also in the old and new buildings 
of Downing College. 

Wells Ca^edialis built of rock known to geologists as Inferior 
Oolite, a term apt to be misunderstood: a Cambridge under¬ 
graduate asked hss tutor, who was a ge<^ogist, what stone had 
been used in the construction of d>e college chapel and, on being 
told it was Inierioc Oolite, replied: *Just like the a u chorwies 
to use inferior materiaL’ Theridgcofrocknjamnginanordi- 
south direction in lincolnshire, known as the Cli£ on which 
stands lincoln Cathedral and along ^ose summit runs the 
Roman £rmine Street, is mainly ha&riot OoHce limestone, and 
some of the Cotswold rotis are of die same age. Some of the 
rocks included in die Inferior Oolice series axe marine in 
origin; others were deposiced in estuaries and deltas- When we 
follow the Inferior OoHte series to the East Yorkdiiie moorland 


ipo BSTUARIBS, LARSS AND SEAS FBOM THE CLIFTS OF 

and die higli <diHs on the coast, we Snd a chick series of sand¬ 
stones, shales and other sedunents, niany of whicli contain plane 
remains and animals that lived in deltas. The land chat is now 
East Yorkslurc is formed, in part, of deltaic rocks and. in part, 
of rocks deposited on the floor of an open sea. When the more 
southern and south-western districts were under the sea, broad 
deltas by over the Yorkshire area to. which rivers transported 
sand and mud, and a varied assoremezrt of land plants lived on 
the mud flats as well as on the neighbouring land. 

Passing farther down to rocks below the marine oolites and 
the estuarine sediments we reach the oldest series of die Jurassic 
period, called by geologists Liassic; the term lias is said to have 
been used by quariymcn for byers of rock. Liassic rocks 
include sandstone, shale, and llmestoue containing many shells 
of molluscs, sea-lilies, skeletons of/rAr/^emuw, Pltsi^smrus and 
other reptiles of the sea, and in some places, e.g. near Lyme 
Regis, well-preserved land plants. Rocks of this age are well 
dispbyed in the face of the clift fl-om Bridport to Lyme Regis 
and Seaton; in the clifls west of Lyme Regis the alternation of 
thin beds of limestone and shale illustrates dianging conditions 
in the sea-floor, a rhythmic up-and-down movement &om 
dear water to water containing sand and muddy sediment. 
Liassic rocks occur in the Vale of Evesham, at Melton Mowbray 
in Leicestershire, near Towcescer and at many other pbces. 
Cbys of the same Jurassic stage occur along die western border 
of die Cocswold Hills, from near Tewkesbury to Bath, on the 
edge of the Mendip Hills and iu the difls at Watchet on the 
Severn estuary. Farther nordi rocks of the same age readi a 
considerable diickness on the Yorkshire coast at Robin Hood's 
Bay, in the difls at Peak over 600 fr. high, and other pbces 
where sandstones and shales take the place of the deeper water 
limestones in more southern districts. Some of the older Jurassic 
rocks are valuable sources of iron ore, in the Cleveland Hills 
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and at many places in Nordumptonshire and die Kettering 
distnee tocks wick oolicic structure niainly of iron com¬ 
pounds. Ac almost all states of tke tide at 'Whitby and Bicker 
south one sees a line of breakers parallel to the coast caused by 
the existence ofa shelf of what is Imown as die Jet Rock> because 
it was Bom this rock in die oeighboockood of Whitby chat jet 
used to be obtained. Jet condsts of mock altered pieces of wood 
in which little structure can be seen; some of it was originally 
wood of an Armucria. The Jet Hock against which the sea nukes 
a line of breakers is die truncated edge of a pladbtm running 
west Bom the foot of Sahwick Nab as a sunken reef and ending 
just oB the East CliB, oowned with the ruins of St Hilda's 
Abbey, at the mouth of the Whitby estuary. A comparison of 
the Jurassic rocks on the east and west skies of die harbour at 
Whitby shows that die beds on the two sides do not lie at the 
same scratigrapbkal lev^; those on the west side lie about 200 B. 
lower than the conesponding beds on the east side. Originally 
the rocks were condnuous across the estuary, and their present 
lack of correspwidence is eridence of a liw of Baccure—^ Bulc 
—which no doubt was the initial cause of the present posidon 
of Whitby harbour. The striking concrart between the Liassic 
rocks of Yorkshire and Dorset is an expression of diBeiences 
in the circumstances of thdr deposition. There was a clear and 


deeper sea in the soudi and in the nordi shallower water of 
deltas or river estuaries. During the early stage of the Jurassic 
period the greater part of England was covered by sea; most of 
Wales was land, parts of Devon and Cornwall, and the Mendip 
Hills formed groups of islands. Parc of Scotland was an island 
in the liassic sea, sediments of t^iicb are still left as rcmnanc 
of larger sheets in^some of the Inner Hebrides on the east 
coast of Sutherland. 

The salient features of the Jurassk period may be summarized 
in general terms: the uppermost sedimentary rocks—&o$e 
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blown AS Purbeckiao—wbicli lie muaeduccly below chose 
mclufied in the oldest sobdmsicA o£ the socceediog Cretaceous 
period bear wkness in their ibssil content co the existence of 
&esh>wacer condidcms and to continuity between Wcalden 
lake and the broad cna of fiesh water which left records of its 
existence in the upraised sedinioics in the Isle of Purbeck. 
Below die Purbeck beds there is a very Alck pile of older 
Jurassic rocb varying muda in the character of die sediments 
and includii^ all the subdivisions from the Portland to the 
Liassic series. A striking feature of die Jurassic rocks as a whole, 
when they are traced ftom soudi to north, is the recurring 
alttmatioii of limestones, clays, and sandstones: this alternation 
is shown when the rocks are examined in a vertical direction, 
that is, dirough a succession of beds lying one d>ove the other 
in one distrkt in the oz 6 et oii^; it is ako apparent when beds 
of die same age are traced laterally ftom place to place ftom 
south-western to north-eastern England. The Kimmeridge and 
Oxford clays are exampbs o( deposis of the same kind but 
belongu^ to difterent periods of dme which afford evidence of 
turbid sea water. ContrasB are revealed by a comparison of 
sedimentary ro^ in the Cotswold HUb and other districts in 
the south-west of England with beds of the same age in East 
Yorkshire. Limestones in the sooth widi abundant maruie shells 
and corals, when traced to other districts, are replaced by sedi¬ 
ments of shallow-water ori^o and in places by sandstones 
penetrated by roots of plants that grew on land or swampy soiL 
These contrasts la the natnre of die rodcs and of the fossils 
enable us co visualize difterences in the landscape: an open sea 
with a range of bilk forming the border of a continent to the 
west; farther north a great delta widi a sparse covering of plants, 
and beyond that woodland on the banks of rivers. 

* It has been possible to form a general idea of Jurassic vegeta¬ 
tion: some of the oldest rocks containing plann are on the coast 
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of Dorset, pWiC-bcaring beds belonging to higher stages occur 
in Oxfordshire and ne^hboaring counties, and tlie richest of 
. all in Yorkslwrc, in the cliffs at Whitby, Haybum Wyke, and 
near Scarborough, beds o£shale at Gristhorpe and Cayion Bay, 
and at inland localities such as Roseberty Topping and Mnrske. 
There are difFercnces in detail between the Jvurassic floras rccon- 
sccuceed &om collections made at diflerent stages of the period, 
but throughout the millions of years coveted by the whole 
period the vegeudon, in its main features, was fairly uniform 
in character. There was litde contrast between the plant world 
in the early stage of the Cretaceous period, as illustrated by the 
fossils collected &om rocks of Wealden age, and that which 
clothed the borders of the Jurassic contineat. The expression 
‘borders of the Jurassic coodnenc*, is used ddiberatcly because 
we must remember chat our knowledge of die vegetation is 
almost entirely limited to the remains of planes that lived within 
reach of rivers and their tributary screains and had, therefore, a 
chance of being preserved in the water-borne sediments. The 
most striking and convinckig evidence of the wide distribution 
of closely related Jurassic plants and the astonishing similacUy in 
the vegeudon of places separated fl’om one anodiet by many 
thousand miles was furnished by the discovery, some years ago, 
by members of a Swedish expedition of a large number of 
fusils, chiefly leaves and branches of trees and fems, in Graham 
Land, lat. 63* 15' S. on die edge of the Antarctic continene. 
Several of the plants proved to be very closely related to, if not 
identical with, species previously recorded horn England and 
India. It would be an ezaggeradon to describe the Jurassic 
vegetadon of the world as uniform in the strict sense; there 
were local diHerences, but they seem to have been sli^c and 
relatively insignificant in comparison with the amazing resem¬ 
blance of the floras of the same geological age which left samples 
in places remote &om one another and situated in many different 
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bdtudts. Some of die GraJiAm Land planes difier very little 
from spedes lived In Greenland in the early days of the 

Creuceotis period. Tliese &ccs have a special importance and 
interest because they illustrate a problem which oi^ crops up 
when fossils from wid^ separated t^ods are compared, 
namely dxe difficult and perplexing problem-'how to explain 
the very great differences between cli marie conditions in die 
past and those of the present. It is not mily fossil plants which 
bring us face to &ce with this question of past dimaes; fossil 
anumUs of many geolc^cal periods tdl the same story. As in 
the eacikst Cretaceous flora so also in the Jurassic Horas diere 
is practically no evidence of the existence of dowering plants, 
the wHch by the latter part of the Cretaceous period had 
risen to an imporcant posdoR and wandered over most of the 
earth's sur^cc. The only fossil of Jarassic age which is in all 
probabiliry die leaf of a broad-leaved tree was found several 
years ago at Stonesfleld, in Oxfordshire, lliere can be little 
doubt that plants existed in (he Jurasac period closely related 
to modem flowering plains, but, as yet, we have very lictle 
knowledge of them. Specimens were described, some years 
ago. from the Yorkshire coast soosh of Scarborough which, it 
was thought, might be forerunners of die flowering plants 
chiefly because they possessed fruits containing seeds, bat it was 
subsequently found that the wall of the frtdt did not completely 
endose the seeds as it does in flowerii^ plants. It is, however, 
possible that these extma fossils illustiate a line of evoludon 
which uldmately led » the true flowering plants. leaving this 
difficult and sdll unsolved problem of die origin of the present 
dominant class in the plant kingdom, let us lo^ at a fr w of the 
commoner members of Juiasric floras. There were many cone¬ 
bearing trees related to ezisdog spedes. Iheie were Bridsb 
araucarias, representatives of a genus now unknown as a wild 
tree in the Northern Hemisphere, cypresses and allM trees 
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related eo the cypresses that arc now characteristic of southern 
Europe and Asia Minor. The * living fossil’ Ginkgo hiloba, the 
maidenhair tree, had ancestors in die Jurassic fbresc not only in 
western Europe but almost all over the world. In the Jurassic 
as well as in the early part of the Cretaceous period one of the 
most characteristic and widely distributed classes of plants was 
an extinct class usually spoken of as the Cycads. Cycads are 
naked-seeded plants now almost entirely tropical; they are more 
fully described in Chapter xvn. Many of the so-called Jurassic 
Cycads differ widely in their reproductive organs from any 
living plant and bebng to an exdnct group; some, on the other 
hand, were undoubtedly related to e»sdng Cycads. The im¬ 
portant point is chat in the Jurassic and early Cretaceous wood¬ 
lands plants belonging to a group chat has long ceased to exist 
played a prominent part. There were horsetails resembling, 
except in their much more robust and larger seems, the common 
horsetails (Equisetum) srili living in Britain; there were also 
some reladTeiy small plants closely related to our club-mosses. 
Ferns were wdl represented; spedes closely related to our Royal 
fern {Osmunda regalis), and others whose nearest living allies are 
DO longer found in Europe but in die southern tropics and 
sub-tropics. The Jurassic vegetarion, though separated fhom chat 
of the age in which we are liTing, by more than lOO milKon 
years, was in some respects not very difierent from die plant- 
world of to-day: the greatest contrast is die apparent absence 
of flowering plants—no broad-leaved trees such as oaks, elms, 
beeches, limes and many ocher fluniliar kinds. 

Jurasric seas were inhabited by a varied populadon of marine 
creatures, many of which are sdll represented by descendants 
living in our seas of the present age; other animaU that were 
among the most abundant, such as ammonites—the snake-stons 
of Sc Hilda—belong to groups that have long ago ceased to 
exist. A characteristic shell common in some Jurassic limestones 
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—the geatis Trig^a —Agrees very closely with ^at o £a mollusc 
whk^ lives ifi Aostralias seas. Tise greatest contrast berwees the 
Jurassic and the modem animal world is in the higher ? n»mah ; 
there were xto birds like those o£ to-day, only strange creatures 
like Archaeopteryx, the oldest known animal provided widi 
feadiers and, unlflca living birds, widi teeth. This exdzicc genus 
was in some respects more like reptiles birds and furnishes 
evidence of the probable descmt ofhirds &om reptilian ancestors, 
large repciles of the sea, closely related to those found in 
Cretaceous rocks, including Ichthyosaurus, Piesiosaurus, and 
several others were abundant and widely distributed: the Jurassic 
period was an age of reptiles, many of whkb were gigantic and 
bizarre product of evolution. Naturc*s misfits that endured but 
for a season. Id fiie course of our backward journey we have 
noticed the decrease in ™a*TimaTe both in numbers and variery 
as well as in size. The class in the animal iHng dni n had 

not yet played a promineoc part; a few fragmentary remains of 
small mammals have been found in Joiassic rocks, and ic is 
inceresting to note that they have little m common with any 
living groups of mgmma7c Qq (be other hand the remains of 
certain disdnedy mammal-like reptiles found in projuiassic 
beds definitely suggest d»r the mammals , like die birds, had a 
reptilian ancestry. 

From a knowledge of the animal and plane worlds of other 
days we are able, with more or less confidfiice, to draw a 
disemedon between anriimr and modem members of the two 
kingdoms of our own day; fossils help us to recognize amnng 
the living links with the past, survivals chat have persisted while 
other groups of animals and plants flourished for a compara¬ 
tively short dme and for reasons at which we can only guess 
ceased to be. 



CHAPTER XU 


Sait Lakes and Deserts 

Tliere is no wellHje£ncd boundary separadng the rocks referred 
by geologises co the initul stage of the Jurassic period from chose 
which it is customary co include in the Rhaecic period, and yet 
it is abundantly clear that the rocks underlying che upraised 
sediments of die Liassic sea bear wimess co a change in physical 
conditions. It is difficult to say exactly ac whac precise level in 
ffie sequence of sedimentary beds the change occurred; it was 
a gradual change which becomes mote dearly defined as we 
continue our backward journey. We have reached another 
transidonal epoch comparable wich chat berween the fresh¬ 
water Wesiden rocks at the beginsiing of the Cretaceous period 
and che marine limescoses of the Upper Jurassic or Portlandlan 
sea; hue this earlier transition is of a difficienc kind. As we have 
seen, the oldest rocks of the Jurassic peried contain a varied and 
abundant assemblage of che remains of animals characceriscic of 
a clear, open sea which covered the greater part of England. 
Next below them are sedimentary beds poor in fossils and 
containing a few shells that appear to be stunted and abnormal 
in striking contrast to chose in che overlying Xiassic rocks. 
Moreover, in the stcau below the Rbaecic sediments are layen 
of gypsum (sulphate of caldum], a sign of land-locked seas or 
lagoons in a dry or sejrd-desert counoy where lack of rain 
caused ptedplcadon from water saturated wich salts, as in the 
Caspian and the Dead Sea to^y. The name Kbaeric was taken 
from the old Roman province of Rhaetia, between die basins 
of die rivers Po and Danube, where rocks of this period are 
well developed. Rhaetic rocks in England are represented by 
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4 Am series of sedimentary beds mostly barren and at their 
greatest not mote *Aan too ft. The sediments included 

in the Rhaedc period are dassed by some geologists as Jurassic 
and placed below the marine beds ofLiassk age; by others they 
are assigned to the uppennosc pact of the Tiusric period. They 
have often been described as passage or transirion beds linking 
the Triassic and Jurassic periods, bat the very great thickness 
of Bhaedc roeb in the European Alps is evidence that they 
represent a long period of dme, much more than a mere transi¬ 
tional stage. In the Brirish area we have only a few pages of 
this chapter of geol^ical history, only a &w episodes which 
have left thin sediments and a small number of animal g and 
planes. An account of a remarkable Rbaetic plane (Naxedi&s) is 
given in Ch^cec vi, one of the few feund in this country in 
contrast to the unusually rich collections yielded by rocks of 
the same period in other parts of the world. They are exposed 
at several localities along a belt of country stretching feom 
Redcar, on the north-east coast of Yorkshire, diagonally aaoss 
England to die south and soudi-wesc; diey am well displayed 
at Penarth, near Cardiff, at Watcher, cm the Bristol Channel, 
at Wesebury-on-Sevem and many other localities. The upper¬ 
most and youi^tsc beds are limestones vduch occur at Gotham, 
north of Bristol, known as the Cotham a landscape Marble 
because of black markings on its surfece which resemble minia¬ 
ture trees a few inches in bright and were erroneously described 
as fossil mosses; they are inorganic d^osics of minenl-'a black 
codde'of rtunganese. This limestone, usually not exceeding zo fo 
in diidcness, occurs at many plaas; it is sometimes « 1 W White 
lias; it differs from the typical Liassic limestones in being 
thinner and in containing very few fosrils, including stunted 
shells of an extinct oyster. One of foe most interesdng Rhaedc 
rocks is a thin layer known as foe Bone-bed; it is a black Aalg 
(mad) with many bones of fohes and reptiles, and is exposed 
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at localides in Lcic«sC«rshiie, in the Severn valley and elsewhere, 
c.g. at Watchet and Westbury-on-Sevem. One of the fishes 
{Ceretodus) is an exdncC type related to the primidve lung-fish 
soil living in Australian waters. The laige accumularion of 
bones suggests the destruction of life by a sudden oversow of 
the sea-bed by ibedd mud. A compaiison has been made with 
deposits of black mud now being formed on the bed of the 
Black Sea, which is near a desert region with low rainfall and 
a high summer temperature. The Black Sea is poor in life; in it 
salt water forms a stagnant pool and bones of fishes fall into 
die foetid mud where die sale water preserves them. 

Ac the beginning of the Rhacdc period a considerable part 
of England was subme^ed under a sea in which animal life 
was poorly developed; a sea similar to the Caspian and the 
Dead Sea, in. which gypsum and other salts were deposited. 
In the Rhacdc sea Ichihyosawus, Plesiosaurus, and other repdies 
were able to exist but we have now reached the lowest level 
in the geological series at which their bones have been found. 
Among other animals in die B one-bed are a few small mammals, 
the earliest examples of the class that was destined to play a 
leading part in bter periods: these oldest known mammals were 
no larger than rats or mice and are quite unrelated to any living 
types. The condidons reflected in the Rhaetk rocks are the 
epilogue to more widespread deserts and salt lakes in the longer 
Triassic period to which we now pass. The name Triassic, first 
used by German geologists in 183 4, implies a threefold grouping, 
a division of the rocks of the period into three well-marked 
series, called respectively Keuper, Muschelkalk, and Bunter. In 
the British Isles the middle series is not developed, and we need 
not concern ourselves wida it The word Keuper was a local 
term in use in Coburg, and Bunter, from a German word which 
means variegated, has reference to the pard-coloured sedi¬ 
mentary beds. 
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The uppenuosc beds of chc TrUssic period show that ovet a 
la^e proportion of the land that is now England there was 
typical desect scenery, wide sttcarhes of sand, salt lakes and a 
reladveiy high ceznperacace. In nuoy parts of the country from 
the Eden yalley to southern England the red colour of die felds, 
the red rocks in railway cuttings and cliiB is, in most districts, 
evidence of the occurrence of Ttiassic rocks, but colour alone 
is not a trustworthy clue CD geological age. Hiere are other and 
older rocks chat are red, sandstones of Permian age, and the soil 
more andenc rocks of the Old Red Sandstone. It is, however, 
true cliac the majority of red rocks in Englan d are either Triasslc 
or Permian, and sometimes the two together are spoken of as 
New Red Sandstone, to distinguish them from the Old Red 
Sandstone that plays a prominent part in Scotland and the 
islands to the north of the Pendand Firth. The Keuper scries 
consisc largely of partiKx>loared muds and day, beds of red 
sandstone, widi intercalated , layers of rode salt, gypsum, and 
alabaster. Sait h obtained on a 2 a^ scale in Cheshire, Wor¬ 
cestershire and in the Middleshroogh district: such place^iames 
as Nantwicb, Northwkh and Drovwich owe their cerzninadon 
to a Saxon word which means a Wych or salt-house. On the 
suiftce of Tiiasric sediments there can occasionally be seen 
lacge footprints ofexdoa amphibian arumaU that walked over 
the sof^ exposed, sandy and muddy dats bordering a salt sea, 
fooepriots that ace sometimes the only records of creatures 
whose bones perished. There are also cracks in Kcuper beds that 
form an irregular network and were Ftade by contraction,* on 
dryii^, of a sur&ce warmed by the san; pits made by the 
impact of rain where rare rain-storms spattered the arid country, 
and wavy ripple-marks. Anotbet indkadon of the dreum- 
stances in which Triassic rocks were deposited is the ftequenc 
occurrence of current-bedding often well displayed on the 
weathered faces of sandstone, in Ptiudi the action of the weather 
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has etched with relief series of much narrower layers lyir^ at 
varying angles to the major planes, indicative of shiftuig cur¬ 
rents in shallow water. All these features help us Co reconstruct 
the conditions under which.the sedimentary beds were formed. 

One of the convincing and impressive proofe of a desen land¬ 
scape is furtushed by the granitic rocks of Chamwood Forest, 
in Leicestershire (Plate Vll). These rocks were not completely 
covered by the kcuper sedimeno deposited on the Door of a 
salt lake; the higher ground was left as an island, but the lower 
slopes of cite hill became encased in layers of Triassic clay and 
mud. The relatively soft covering was an easy prey to denuda¬ 
tion and much of it was removed, leaving exposed the free of 
a chff that had long been hidden. The exposed rocks provide 
part of a landscape revealed by erodii^ agents which wore 
away the mantle of sediment that had been spread over them 
more than lOO milliotL years ago. The Chamwood granite face 
is smooth and polislied, and across it are horizontal, broad, 
rounded grooves; it is an exact counterpart of a rocky escarp¬ 
ment in a modem desert where strong winds hurl blasts of sand 
from dunes and the desert sur&ce agunst rock fices, polishing 
them, etching them and scourii^ out grooved channels, *it was 
a barren and dry land wliere no water is’. Ocher evidence is 
furnUhed by the layers of salts deposited on the bed of a Triassic 
Dead $ca as the hoc sun evaporated the saline water; on the 
surface of some ICeuper sediments one can sometimes see small 
rectangular blocks clay or sand projecong from the rock: 
these ate pseudomorphs of crystals of rock salt, chat is, crystals 
that were replaced as they dissolved by the surrounding sedi- 
meutary material- The water used in breweries at Burion-on- 
Trcnt comes from Keuper marls and it is said to impart a cerrain 
quahty to Burton ale by reason of the sales which it contains. 
The cathedrals of Chester and Hereford are two of many large 
h niMmg g made of red Keuper sandstone. On the 6ank& of the 
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Mendip Hills Trussic beds abut on the slopes of higher ground 
ibnncd of older rocks, as in Chainwood Forest. The Quantock 
Hills in Somerset were also islands in the Keuper sea. 

Bebw the Keuper series, in the Bridsh Isles, we come to the 
lowest sedimcQCary beds of the Triasudc period, the Buncer 
series, which includes, in addicioQ to Hays and marls, red sand¬ 
stones and thick masses of pebblc-bcds or conglouieraccs. The 
pebble-beds are the most impressire rocks of the series; they 
occur over a wide area &om Doncaster co Birmingham, in 
Sca&rdshiie and Cheshire, and are espedally well developed 
in the cliff at Budleigh Salcertcn on die Dev<» coast; diey often 
form high ground in contrast to the low 4 ying plains on the 
much softer Toassic beds. Nottingham Casdc stands on a hill 
of coarse Bunter sandstone and pebble-beds. Tbe Biidleigh 
Salterton cli£ consists in the bwa part of a thick mass of 
rounded pebbles embedded in a red matrix overlam by sand¬ 
stone. Standing on the shingle beaefa and looidng at tbe pebbly 
cliB* rising above the present shore-line, we ceali2c the scciHng 
similarity of tbe loose shingle below our feet and the cemented 
mass of pebbles in the cliff, two sbingle deposits separated in 
rim^ by well over 150 million years. Tlwmng to the swish of 
receding waves and the music of the pebbles, one can hear an 
echo of die same sounds oo the Binge of a Triassic sea. In 
addition to rounded and water-rolled pebbles the coarse red 
rocks of the Bunter series also contain angular stones. There 
has been much disniwion over the provenance of the stones, 
many of which art made of a very hard quartz rock, a sort of 
indurated sandstone, and fortunately some of them contain 
fossils wHl enough preserved to provide a clue to the geobgical 
age of the parent rock. The general view is that one source of 
the pebbles was a much older rock in nordiem France, Bom 
which they were carried by rivers Bowing across part of an 
ancient continent that extended Bom France to southern Eng¬ 
land. The large size of the stones and the well-rounded form of 
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msxiy of them shovf chat they mu$t have been carried by water 
is. spate, tortendal streams lusbing down hill slopes, and spread 
as 6uis over a flat desert plain. Comparable &ds of detritus are 
characteiistic of dry mountainous countries at the present day, 
where, 6om dme to dme, long spells of drought are followed 
by torrential rains which £11 die depleted watercourses and 
carry with irresistible force a heavy load of stones. The more 
angular scones, chat are a conspicuous feature in some of the 
Buntec beds, were, no doubt, transported a shorter distance 
and derived £om piles of broken rock detached by the action 
of the weather from cllfl^ faces such as we can see in the screes 
of Wastwacer and other places in hilly districts. These Bimter 
pebble-beds and the flner grained sandstones are all made of 
material carried for longer or shorter distances from paroic 
rocks bordering inland salt seas and lakes. The Bunter sands and 
pebble-beds, reddened by films of an oxide of iron over the 
individual grains and pebbles, cake us back through the ages to 
an English landscape reproduced in our own day in many desert 
lands where there arc raises of sand-dunes, simp-edged and 
ripple-marked by the wind, lakes heavy with salt, and recurrent 
rain-storms, hissing torrents laden with the products of de¬ 
struction, carrying to lower levels loose scones horn sand¬ 
blasted hills. 

The distribution of land and water over that part of Europe 
that is now the British Isles bore litdc resemblance to the 
present gec^raphical Scares: most of Scotland was land whidi 
was condnuous across Ireland and beyond into the Atlantic 
Ocean, The Highlands of Scotland and the Welsh hills were 
d3.en, as now, mountain ranges; part of the Pennine Chain was 
an island in the Triassic sea. Farther south, the hills of Cham- 
wcod Forest, the isdendips, Dartmoor and Exmoor and die 
headlands of Cornwall were dominating features in a dry, Dead 
Sea The British scene is typical of much of northern 
Europe and the eastern region of North America, where red 
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rocks simibr to diose in this cooncry ut the fouadation-stoses 
over i large area: deert and semi-deserc conditions prevailed 
over a ia^ region of (he Nonbem Hemisphere. When we 
extend our survey of Thassic rocks to sonchem Europe a very 
dificrenc story is unfolded: enormous masses of lirnescone, rich 
in marine fossils, corals and many kinds of lime-secreong sea¬ 
weeds, afford convindng evidence of a broad sea and genial 
climate. The glorious Dolomite Moontains of the Tyrol have 
been sculptured out of upraised calcareous sediment that, In the 
course of millions of yean, grew in thickness on die bed of the 
Teebys Sea which lay across Europe and Asia. Desert waters, 
dunes and salt lakes to the nordi; in the s^ch the Techys Ocean, 
with reefi of coral and banks of coral 4 ike seaweed: such were 
the contrasts in the Triassk world. 

It is convenient to include in this chapter a short account of 
rocks which are asdgned to (he Permian period and regarded 
as marking the upper limit of (he Palaeozoic era, the Triassic 
period being nsnally sp<^XD of as (he 6xst or oldest stage of the 
Mesozoic era. For our present purpose it makes for greater 
continuiry in die backward journey to draw the line below, 
and not above, die Pennian period Ihe name Permian was 
given to this period of geolcgicd history-lasting, it is believed, 
nearly 40 million years, longer than the Triasic or the Jurassic 
periods—more than'a century ago because of the great develop¬ 
ment of the rocks csi die flanks of the Ural Mountains in the 
Russian province of Perm. Rocks of Permian age are red sand¬ 
stone maib, conglomerates, cream-coloured limestones and 
other sediments: many of fh«» are very to Triassic 

rocks both in appearance and in (be evidence they furnish of 
arid conditions. They occut on both sides of die Pennine Chain; 
at Penrith, in Cumberland, where oat sees red rocks close to 
the railway station; in d» Eden valley, in die Manchester 
district aiid many other places. East of the Pennines, Pennian 
rocks occur in D urham^ at Darlu^con an/i Fetryhill, in the 
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clifis 2t (he mouch of tLe Tyne and along the coast near Sunder¬ 
land, where the cUf6 above the sandy beach are built of creamy 
limestone eroded into detached stacks. Rocks of this age are 
exposed over a narrow band of counccy from the Durham coast 
to Noteingham: the dripping well at Koatesborough, in the 
valley of ie Nidd, comes from the foot of a cliff of Permian 
limestone; Permian limestone is well seen west of Doncaster, 
and at Mansfield in Nottinghamshire where the stone was 
quarried for the House of Parliam^ic. In Ayrshire and Fiie- 
shire there ace stumps of Permian volcanoes. The sandstones 
consist of iron-coaced, well-rounded grains of sand, clearly 
indicative of wind action and sand-dunes. In many places foot¬ 
prints of large animals,' sun-aacks and pitting by rain bear 
vntness to eseposed tracts of sand and mud. As in Tciassic cocb 
fossils are care, and the stunted form of shells obtained from the 
limestone on the Durham coast is evidence of unfavourable 
conditions r beds of gypsum and salt are associated with some 
of the sedimentary be^. The Permian limestones di& from 
many other rocks of a similar Idnd in their pale yellow colour, 
and in cocsisiu^ not solely of carbonate of lime but also of a 
lime-magnesium carbonate; they are called magnesian lime¬ 
stone or dolomite and were doubtless deposited in a pardally 
enclosed and not in an open sea, in an enviioncnent analogous 
to the Caspian Sea. These magnesian limestones are characteristic 
of the eastern region in distinction to the mtsch greater develops 
ment of ted sandstones to the west of the Pennines. York 
Minster is one of many buildups made of magnesian limestone. 
'The red sandstones of Penrith and the Durham coast limestone 
are proof of contrasted conditions of rock building on the two 
■gdes of the Pennine Chain. At many localities there is another 
kind of rock, largely made up of angular fragments of many 
sizes, known as a breeda to distinguish it from a conglomerate 
consisong of well-rounded pebbles. The Penruan breccias are 
highly resistant to the weather and stand out as ridges, e.g. the 
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Clent Hills $outh>we5( ofBirmingliam and die Abberley Hills; 
they were pxobftMy spread by warcr as &ns of decricus in an 
arid comtry> as were the breccias of the Triaasic period. 

Zn cbe Pemuan period nearly the whole of Scodand was land; 
an arm of the sea lay over aorch^easc England as £ir as the line 
of the Pennine Hills, over whkb there may have been com¬ 
munication to an almost closed sea over Cumberland, West¬ 
morland and Lancashire and part of north-east Iceland. There 
was a lake in the Midlands and probably another over part of 
the English Channel reaching m Devonshire and die edges of 
the Bristol Channel Into these seas and lakes torrential screams 
carried relatively la^e an golar and roonded stones &om neigh¬ 
bouring hill slopes, and qoancides of finw* cockrdebris. The 
climate was senu-arid and there is liede donht d>at some of the 
Fermian beds consist of sand derived from dunes. Conglo¬ 
merates pass laterally into sandstones and marls r this means that 
where die coi^lomerares or did pebble-beds occur die rocks 
at the edge of the badn must have been close at hand; the sands 
made of finer-grained material are wdimmr carried a longer 
distance from the source of origin. The breedas associated with 
the sandstones and marh are probably scree deposits from the 
franks of hills swept by swollen torrents into a neighbourmg 
body of water. From an ezaminadon of the conglomerate 
pebbles and thdr fbsnls it is son^ames posrible to trace them 
to the parent soorce: many were derived from rocks not very 
modi older than those of Permian age, hot on the other hand 
the breccias are made of angular stones from much more andenc 
rocks which, it is probable, fr>rmed part ofa range of mountains 
that stretched from west to east aaoss southern England to the 
continent. Rexnoacjs remain in the Mendips and in South Wales, 
but die most part the great transverse ridge lies buried 
beneath newer rocks where its presence has been proved by 
boring; it is from this buried ridge chat die Kent coal is obtained. 



CHAPTER xm 


Forest, Delta, and Sea 

Ai wc pass in desccndit^ order fiom the cocks o£ one period 
to those o£ the next. Ic is not always appaccnt why geologists 
treat them as two chapters of earth-history rather dun one. 
The rocks through which we have just passed arc spoken of as 
Permian and those described in this chapter are assigned to die 
Carbonileious period, a disdncdon implying a natural line of 
di^ion, a passage &om one set of events to another. Let us 
hrieHy consider some of die reasons for this distinction. Sedi¬ 
mentary beds included in. die Pennian period usually lie at 
rather a diHcrent angle to those on which they cest> a discordance 
(see Chapter v, p. 65) which, daough slight, is evidence of an 
interval in time during which the earth's crust in Britain was 
subjected CO folding and dislocation. The dii!ecence in posuioti 
of the Permian and Carboniferous cocks in relation to one 
anochcc is technically described as an unconformity, a bek of 
parallelism which is a of a break in continuity. There is no 

clearly defined difference in the of the lowest and oldest 
stage of the Permian period and the uppermost stage of die 
Carboniferous, but facts from many sources point to radical 
changes in the physical features of western Europe between die 
two periods. We shall consider btei what happened at the close 
of the Carboniferous period; all chat need be said now is that 
it was an ago of mountain-building, when some of the more 
striking scenic features of Britain bad their origin. The grounds 
on which this statement rests will be appreciated when we have 
taken a general survey of that period of ancient history with 
which dus chapter deals. 
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Hie name Carboni&roos was chosen because it is from be<is 
belonging to this peiioii that nearly the whole of our coal is 
obtained; it is the coal 4 >earing age. In the course of the 
So million years or more covered by die period, the history ot 
the Bridsh Isles as deciphered from the rocks and their fossils 
may be conveniendy divided into three pba$es-~fbrcsts, delta- 
condidons, and open sea. In some parts of Britain the upper¬ 
most Carboniferous rocks afford evidence of a coming change 
from a moist frvourabU to ItEXcrunt forest vegetation, 

to a more arid and less frvonrable climate: in other words, 
there are dear indicarions of an approaching change in physical 
conditions which became more widespread and more pro¬ 
nounced in the succeeding Permian period. By frr the greater 
part of the rocks r e fe reed to the latest Carboniferous phase, 
known as the Coal Measures ot the Coal Age, tell a remarkable 
story of forest, swamp, and lagoons revealed in a pile of sand¬ 
stones, shales, and beds of coal xtaddag a thickness of some few 
feoussmd feet. Bdow the Coal Measures there are aooo fr. and 
more of coarser sandstones with intercalated beds of shale and 
occasionally dun layen of coal: these rocks are mainly sediments 
from large deltas and are the records of the second phase known 
as the Millstone Grit from the former nse of the gritty rocks 
as millstones for grinding com. The first stage of the Car¬ 
boniferous period is chat ^>oken of as rite Carboniferous lime¬ 
stone series; the rocks are mainly limestones containing a vast 
collection of shells and other hard parts of animals that lived 
in a clear sea and a genial efimate. In some localities die oldest 
beds at the base of the limestone are coi^lomeraces marking 
the posidoo of old shingle beaches near a ccost-Iine. The three 
p ha.<M are most clearly shown by the rocks in England; in 
Scotland, as we d^all see, the physical were not c^uite 

die same. 

Carboniferous rocks cover a substanual proportion of the 
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British Isles: geological map shows that they occur over 

(he greater pare of Ireland; la Scotland they are well developed 
in the Lowland or Midland valley. The greatest enent of 
Carboniferous rocks exposed at the surface in England is from 
the Scottish Border through Northumberland, Cumberland, 
Westmorland, Durham, Lancashire, Yorkshire, Nottingham- 
shirc and Derbyshire; smaller exposures, whidr play a con¬ 
spicuous part in the landscape, are in North and Sou^ Wales 
and die Bristol Channel distdet. There are many other places 
where the occurrence of Carboniferous rocks, buried below 
newer formations, has been discovered by borings. 

The uppermost series, or Coal Measures, consists of sands 
and mud that were deposited in fresh-water lagoons, deltas, 
and estuaries and, in dose association with them, at many 
diderent levels, seams of coal. In some places there are beds of 
red sandstone, very ^milar to the ted Permian and Xnasdc 
rocks, at the upper limit of the Coal Measures, which show that 
the stage was being set for the next act, with an arid background, 
of the great drama. During by far the greater part of the Coal 
Age_pfobably at least a few million years—a la^e area was 
dther land or subme^ed under large sheets of fresh water and, 
occasionally, under an invading sea. Tlie alcernadon of sand¬ 
stones, and seams of coal through several thousand feet 

of rocks is proof of long'condoued movement of die earth*s 
surface, a rhythmic process of subsidence alternating with com¬ 
parative stability. A bed or seam of coal is made up very largely 
of the vegetable Utter of forests derived from generations of 
trees and other plants which succeeded one anodier over a long 
period and were gradually converted by pressure and chemical 
change into coal The accumuladon of forest debris continued 
without interrupdon until a pronouncedsubsidence of the ground 
caused an in6ux of water which drowned the forest: over the 
inundated forest were spread layers of sandy and muddy sedi- 
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meat dut sabscquectly becaiiM hed» of samdnone and shale. 
£vencually cbe depooDon of sediment Iidai the torbid doods 
came co an end; swamps replaced la^omzs and lakes, and, as ' 
die 3 xeA became silted op, die altered condidons made possible 
another colonizatkoi of the surface by ocher crees and humbler 
plants i a new fbtesc phase was dtus maugoraced. This altemacm 
of forest, water, and swamp recorred tune after time as cycle 
followed cycle tn the spasmodic of die restless crusL 

On a geological map the Coal Measores are seen co occupy 
separate and not condnuous areas; diey occur in coal*^lds, or 
coal basins as they are called, m which the rods do not Uc in 
horizoBCal layers over long distances, but are inclined at varying 
angles. On die west side of the Peoiune axis there are the coal¬ 
fields of Nc«di Wales, Nordi Scafibrdsfaire and Laocasbiie, and 
m Comberland there is another patch of Coal Measures at 
Wburehaveo, where pan of the coal is worked under the sea. 
To the east of the Pennmes are the coal-'fields of Nocthnmber- 
land and Durham and of Yorkshire, Noctinghanishire and 
Derbyshire. There are coal-bearing be^ xn southern Scotland, 
in the English Midlands espedally around Birmingham and, in 
a separate basin, the la^e coal-field of South Wales. Nor very 
long ago coal mines were sunk in Kent through the Oialk to 
die rdic of a buried mminttin range, which consists in part of 
Carboniferous rocks. AUusioD has already been made to the 
dificrence in degree o^olttcig of the upp er m ost Carbcniiferoas 
^ lower Fetmian beds, and it is this vmconfonxucy chat 
enabled geol^ists to asfign a date to the crustal discurbance. 
This corrugation ofdsecTDSC brought mto being twomouneaxa 
rashes, one lying txansvenely acrc«s the sooth of Ireland and 
South Wales, and, as we know fiom boring operations, con¬ 
tinued into south-eastern Xcgland and farther inm Be lgiimi 
and beyond. As the folded rocks slowly eme^ed fiom the 
depths in which they were focmed, they beca^ a prey m 
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dcnudadon and the movmtains were planed down to their 
present state. It is interesting to cote that the contmuadoD of 
this transverse ridge below the Chalk in Kent was suspected 
long before it was proved: havii^ observed folding in the older 
cocks of Cornwall and Devonshire and in the Mendips, geo¬ 
logists prophesied from these features noticed at the 
chat bores sunk below the Chalk of the Downs would demon¬ 
strate an eastward extension. This prophecy was condnned 
when coal was discovered below Shakespeare's CliifncarDoTCr. 

The Abiding of the ausc along the east and west a:ds was not 
tile only result of the disturbance whidv marked the end of the 



Carboniferous period: there was anodier fbldii^ which pro¬ 
duced a second mouDcain range along a north and south axis 
caused by pressure acting upon the crust in an. east-west 
direction. These foldings are comp^ble to the wrinkling of 
a cable-cdoch by the application of pressure. The Pennine Hills 
are the visible expression of the foldii^ alor^ a north-south 
axis. These two ranges—the Pennine Hills and the transverse 
ridge in the south at right angles to one another—provide an 
explanation of the occurrence of the Coal Measures in separate 
basins. A section across Derbyshire &om w^st to east, based 
upon observaa<As of the lie of the rocks at the sur^ce. shows that 
the central core is a broad arch of Carboniferous Limestone (A) 
above which {B being a mixture of grits and limestone) the 
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Mi]lscon«Gru(C) and tbc Coal Measures (Z>) lie u)regukr order 
(Fig. S). As tbe Pennine arch was being gradually uplifted, the 
upper beds were destroyed by the lo&g>condnued operation oF 
rain and &ost, and it was mly in die less earposed troughs that 
the higher layers xtprcsesiced by the Coal Measures were left: 
hence their absence on the higher ground, and their preservation 
in basins where they are left as disconnected protected portions of 
rocks that were once coodfioous. Examples offblded and highly 
inclined Carboniferous rocks can be seen at many localities, on 
the faces of clifis, in railway aod elsewhere; one of the 

most impressive eicamples can be seen at Saundersfbot on the 
Pembrokeshire coast, where a ste^ pointed arch made of layers 
of sandstone of die CoalMeasures rises on the edge of the beadi: 
between the arch and die sea, where the waves have worn away 
die greater part of the roc^ the lemnana of the folded layers 
remain as low parallel ridges, chose on one nde sloping in one di¬ 
rection, those on the odier side doping in the opposite diiecdos. 

let us now see what can be learnt from of coal which 

give to the uppermost division of the Caibonifrrous period its 
great economic value. Ta some places a bed of coal is visible at 
(he surfree on the free of sloping ground and elsewhere, and 
can be worked by mnnefling akng its course, but more fre- 
qoendy coal is mined unde^roond, and shafrs are sunk dirough 
the accompanying sandstones and shales. In nearly every 
instance a seam of coal rests ca a fbundadon of siliceous rock 
or day, devoid of layering, and containing stumps of trees 
from which branches bearing numerous sleader rootlets spread 
radially and almost horieontaUy. Hus foundation rock is called 
gaiuuster when hard, underclay or seat eardi when sofr, and 
is the original $n:frcc>4oi], altered by gKgmiral action and 
weathering, the soil which was the floor of fbress that were 
die source of coal Occasionally a tree stem with its under¬ 
ground limbs embedded in the underclay passes vertically up- 
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wards through the actual coal, but usually there b a line of 
division becween the coal and the old surface-soil The stems 
and roots, being undexground branches, are nor preserved as 
wood, but generally as what are called casts, chat is, they consist 
of sandstone or shale, which filled cavides left in the sediment 
or soil after the decay of the plant tissues, and sliow on their 
surface the markings on the outer part of the trees. A note¬ 
worthy fact is the very small amount of mineral matter—and 
and mud—in coal, which consists of about 93 per cent of carbon 
and diden widely fiom ordinary scdinieru deposited from water. 
One can detect on a piece of coal a more oc less distinct 
pattern which recalls the surface-markings of a plant stena. 
Microscopical exarrunation of fragments of che more sooty and 
softer layers reveals che presence of pieces of v^etable ds&ue, 
and sections of the harder coal are seen to contain other traces 
of plant structure, particularly fiactened spores, che small repro¬ 
ductive cells such as chose produced by club-mosses (Lytepo- 
dium), ferns and other plants. The greater part of coal is a black, 
dull or lustrous substance without obvious structure, but pieces 
of wood and bark are easily detected when thin sections are 
examined. The carbon of which coal is made was originally a 
conrtxment with oxygen of the gas carbon dioxide that was 
present in small amounts in the atmosphere of the Coal Age as 
it is in the air to^ay. Living plants extract carbon from the 
air, which passes into die green leaves dirough coundess minute 
pores: the green colouring matter, chlorophyll, has the re¬ 
markable property of absorbing rays of light and thus provides 
the living cells with a source of energy by which the are 
able to dissociate the carbon from the oxygen of the gas carbon 
dioxide. The carbon enters into a new combiaation with the 
elements oxygen and hydrogen and thus carbohydrates, such as 
sugars and starch, are built up, and these substances are rich 
stores of energy: the factor in their formation was sun- 
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l^kc trapped by minute Irring parades of chlorophyU id the 
laves. is cot made of carbohydrates but of carbon; and 
the raw material from which it was produced was a kind of 
peaty mass conrisdng of a heterogeneous acciitntilariop of 
vegetable debris on the door of a forest Hiis material was 
covered with mud or depoated from the water that over* 
whelmed acd fre forest plans. Chemical action operating 
over long periods ejected many changes in the forest litter and, 
ev:encual]y. little was left save the cai^n that was part of a gas 
in the acmospheie in whidi die trees of ^ coal hved about 
250 mdlton yean ago. The burning of coal is accompanied by 
a release of cne^ chat has lain dormant through the ages, 
ene^ that came from the stm. 

There is another very frciifrl source of infbrmatiozi on die 
nature of the plants of dse Coal Age, in addition to that frir> 
nished by the coal itself; to some localities, epedally in the 
coal^elds of Lancashire and Yorkshire, seams of coal contain 
hard, more or less ^iherical, stones varying in size from an inch 
to a foot in diameter. The so^ahed Halifrz Hard Sed is a seam 
from which many of w ere obtained, and it was by micn^ 

scopical examination of the r^nrain^ plant fragments chat 
Professor W. C. Williamson, of Manchester, was able to lay 
the foundations of palaeobotanical science in this country. These 
stones axe mainly composed of carbonate of lime and are known 
as coal balls or cakareons nodoles: w^ien examined micro¬ 
scopically in thin transparent sections diey are found to contain 
pieces of a great variety of planes, twigs, leaves, seeds, etc., 
almost perfectly preserved by petrifaction. Anodier method of 
examinmg coal balls is to break one of them and mak^ 2 smoodi 
surfree by grinding; this is then created widi hydrochloric add 
which dissolves the limy part of the ball and leaves uninjured 
the plant tissue that is left slightly projecting from the stone. 
Cellulose or gdatine is then ^read oret the smoothed free 
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and when ic sets it can be detached as a (xanspaxenc £Im ‘widi 
die plant tissues embedded in it and mounted on a slide for 
microscopical examination. Coal balls are, no doubt, petri£ed 
patches of the peaty substance most of which ultimately became 
coal; only the stony pieces remained as samples of the original 
vegetable debris, hi the course of conversion of the peaty mass 
into coal there was a very great reduction in bulk coniequent 
on compression of the soft vegetable material, but the coal balls 
show us patches of the raw material as it was. It is significant' 
that immediately above a seam of coal containing coal balls 
one often finds a bed of shale with Ibssil shells: water percolating 
through the shale when it was soft mud dissolved some of the 
lime from the shells and redeponted it in the peat, the plant 
dssues being replaced, particle by pardcle, by indestrucdble 
stone. An examination of sections of coal balls enables us to see 
rootlets petrified in the act of bomg thdt way through pieces 
of stems and ocher fragments, showing that roots were able to 
wander through the peaty mass. The conclusion readied is that 
by file die greater number of coal seams are made of the remains 
of plants which grew in die dismeCs where die coal occurs; the 
coal was formed in sitv on the actual site of the forests, and the 
underclay below each seam is the old $urface>soil containing 
stumps and roots of some of the forest trees. The forests were on 
low ground chat was often swampy and, from tune to time, 
they were covered by incursions of fresh water, more rarely 
by die sea, which preserved the tangled mass of vegetation by 
sealing ic up with sediment. This process was repeated many 
times, as is shown by the numerous coal seams intercalated 
among sandstone and ghali> in every coal-field. It is easy to 
collect fossil plants from blocks of shale brought ftom the 
underground galleties and dumped in heaps near the collieries: 
the fossils are often preserved as rhin films of a coaly substance 
on the surface of the shale and include many kinds of ftonds, 
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superficially diose of Imog ferns, and pieces of Battened 
stems ‘with various suifec^ma^ings, seeds and other odds and 
ends. The black fihn is all that temaios of the plant tissues 'which 
were slowly decomposed and are now repre sen ted by a thin 
layer of carbonaceous matcct. Water Bowing over the forest- 
covered ground would carry with it samplts of the vegetation 
as liven now transport leaves and broken stcans which happen 
to fell into them. No b e tter example cooU be given of the 
value of work done by enthusiastic and pamstakipg collectors 
than the contributions to knowledge of the botany of the Coal 
Measofcs made by David Davies, an amateur, who in his spare 
time made a systematic collecricai of over 200,000 specimens in 
the South Waltt coal-field. Havix^ carefully noted the locality 
at whkh eadi spedmoi was collected and level In ^ Coal 
Measures, he was able co fellow floctaations in d» plant popu¬ 
lation from one stage to another through the whole succesdon 
of seams in frte district; his devotion was rewarded by results 
of cotmderable interest and importance. 

Ac recurrent periods durmg the milKfttvt of years of the Coal 
Age, the history of whkh ts recorded in the Coal Measures, 
a considerable part ofGtcsu Britain was overspread by luxuriant 
forests, ‘wide stretches of low-lying, swampy ground with lakes 
and lagoons, and here and there rklges of hills. Then, as now, 
there were Caledonian Highlands and, across the centre of 
England, a ridge of snountains, remnaints of whkh are repre¬ 
sented by the rocks of Charawood Forest: the land that is sow' 
Ireland, southern Scodand and roost of England was either 
ibresCndad or submerged under shallow water. When forests 
had possession of d)e land the landscape was probably very 
sinvlar to scenes m dse Norfrdk Broads; rivers flowing slug¬ 
gishly through a low, swampy region with occasional lal^ a^ 
lagoons, the opes sea not fer away; trees and shrubs and smaller 
plants of die undergrowth spread as a carpet of many shades of 
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green over a substratum ofbiack. oozy peat many feet In depth. 
The Dismal Swamp of Virginia also helps us to visualize the 
scagnant waters and slow-flowing rivers of the Coal Age forests. 
A natural question is—'In what respects were the forests of the 
Coal Age diflerent&om those of the present day? Remembering 
that the Coal Age takes us back at least 250 million yean, it is 
not surprising to £cd in the forests many trees chat are strange 
and differ widely from any in the world we know; and yet the 
strangeness is seen to diminish a little when the fossils are more 
closely examined and we find in their stmccure characters 
reminding us of living trees. The tallest trees probably grew 
to a height of 100 fr. and more and may be described, in very 
general terms, as huge, overgrown clulv^mosses diflering con¬ 
siderably in size, in their more robust and woody stems, and 
in other features from the small Lycopodium of British lulls and 
die delicate Selaginella, allied to our club-mosses, that are 
fluniliac in greenhouses. These two genera are not mosses but 
allies of ferns. Ocher trees were constructed on an archi&ctural 
plan reminding us of greatly enlarged and woody horsetails 
{Ejuisetum), but in many respects sharply contrasted. Hiere 
were many plants beating fronds very like those of ferns in size 
and form; most of these were not the leaves of true fems but 
of members of a wholly extinct group of planes which were 
moii advanced than lems and reproduced themselves like our 
cone-bearing and broad-leaved trees by seeds and not merely 
by spores. A question that is often asked is—what l^c do the 
plants from the Coal Measures throw on die great problem of 
evolution? There were many plants too remote in structure 
from any that still exist to find a place in a system of classifica- 
Qon designed to fit the present vegetable kingdom. In the 
forests were many representatives of classes that have long since 
disappeared, they are examples of Nature’s experiments lacking 
the equipment necessary for permanence; there were othcc 
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plants more or less similar co liviag forms which illustrate 
remarkable persistence through dre ages. Tire forests of the Coal 
Age, so &r as is knonm, concaitred no flowering plants, no oaks, 
beeches and other trees riiat play so prominent a pan in 
the modem world; there were no herbaceous plants brightening 
the woodlands with flowers. In the Caibonifeious period there 
were no mammals; so &r as we know it was not until a later 
age that the progenitors of the class Aaf is now ^e highest in 
the artifnal kingdom wen erolvetL Tlie most lughly developed 
animafs were creatures that have loi^ been ezona; they were 
* salamanders, some long, beasts thu walked over the swamps 

or floundered in lagoons and r i v e t s, or swam like eels. Insects 
of many kinds were abundant, dngon* 4 i£S, spiders, cockroaches 
and others, all diflexing in varying degrees living species. 
No birds made musk in die fbcesa; thdr day had not yet come. 


MILLSTONE GEIT 

The sandstones, shales and scams of coal grouped together 
as ^e Coal Measures pass downwards into other sandstones, 
coarser grits, beds of shale and a few layers of coal reaching a 
thickness of several hundred flxt ndikh are refeircd to the next 
stage of the Cacbontflsous period and spoken of as the Millstone 
Grit series. The rocks of tlus phase are exposed at the surface in 
southern Scotland and reach their greatest development in 
Lancashire and Yorkshin; they are not found in the Midlands, 
but beds of similar type occur still ^rther south. In Yorkshire, 
from Richmond to Leed^ and to certain districts in Derbyshire, 
many of the hilU are built of typical Millsctme Grit, interbedded 
with layers of much softer Rocks of this age underlie 
much of dse north of England moorland: prorcinenc escarp¬ 
ments are a characteristic feature of dae Peofiine ; they are 

recognizable by cheii gendy sloping surface that follows die 
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inclination to the horizontal of the be<i8 o£ gtic; a characterude 
feature is ch^ abrupt termination in a steep diS’lllte scarp 
rising above lower wooded ground underlain by beds of less 
resistant shale. A river lowing over a district where grit rests 
on shale catves a channel through, the hard rock and» when it 
reaches the more easily eroded shale below, the Hver at once 
curs laterally, as well as downwards. Good examples of Millstone 
Grit can be seen in the Plimpton rocks, near Hanogate, with 
Scots pines growing on their weather-beaten sur£ice; the Bcim- 
bam rocks, near Pateley Bridge; and the funowed Devil’s 
Arrows near Boroughbridge. Kirkstall Abbey, near Leeds, is 
one of very many buildings built of stone &om local quarries 
in Millstone Grit. The hilU near Lancaster and 6irthei south are 
capped by sloping escarpments associated with beds of shale. 

Fossils in the Millstone Grit, though fidrly conunon at some 
localities, are not abiuidaot, and indeed rare, on the whole: 
casts of plant stems occor occasionally in the sandy rocks. 

If one looks at exposures of Millstone Grit, as, for example, 
die large blocks frequently standing in groups on the moor¬ 
lands, one nonces well-marked sets of roughly parallel lines 
disposed at diBerenc angles, which have been made conspicuous 
by weacketing agents; these are examples of current- or false- 
bedding (see Chapter rv, p. 45). A good many years ago a 
geologist, who made a thorough examination of the material 
of which Millstone Grit consists, found that it is a mixture of 
large and gnall grains of sand with milky white rounded pieces 
of quartz, and pieces of felspar, the mineral that occurs as large 
pink or white crystals in granite. A signiBcant fact is diat tht 
pieces of felspar axe comparatively under moist condi¬ 
tions, .felspar soon disintegiates into clay, and its preservation 
in a recognizable state is probably due to the deposidon of 
the grit in a rather dry climate. Both felspar and quartz are 
constituents of granidc rocb: it was therefore reasonable to 
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conclu<ie that such rocks may well have been the source of the 
sandy sediment Remembering that the ivlilistone Grit attains 
a thickness in some places of well over 2000 6-, it is difficult to 
visualize rock destruction by rain, frost, and wind, on a scale 
sufEcient to account for the formation of piles of detritus as 
thick and as widely spread as the Carboniferous grits and sand¬ 
stones. When the grit was being spread by rivers over Britain, 
there was a la^e continent to the north, embradng the Scottish 
Highlands and the mountains chat are now part of Scandinavia, 
mountains in wliich granitic rocks were abundant. Broad and 
swiftly flowing riven, cutting their way through the Highlands, 
carried in suspension coarse and fine sediment derived from dte 
wearing away by attrition of the rocks of the valleys and adjacent 
hills. This material was cranspoited to the lower reaches of the 
watercourses where the force of the river was still strong enough 
to hold in suspension small pebbles, together with coarse and 
fine sand; by degrees, the layers of sediment deposited over the 
floor of file estuary, as the momentum of the rivers slackened, 
steadily increased in quantity and spread ianwise farther and 
farther over the shallows, From time to time, as the level of 
the ground slightly altered, the same sm of deposition received 
still finer sediment, light enough to be held longer in suspension, 

' which settled as sheets of mud and clay and subsequently became 
beds of shale. Thus, in the growing delta, layer after layer was 
added to the pile of sediment carried ftom sources for to the 
north and north-west. It is for this reason chat the rocks of the 
Millstone Grit series are spoken of as the delta phase of the 
Carboniferous period. t 

CARSOHrPSROUS tiMBSTOKB 

Below the Millstone Grit in Yorkshire and Lancashire and 
ocher parts of England we come to a succession of beds made 
up of thinner layers of sandstone and with intercalated 
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roclcs, partly sandy, partly calcareous, chat are impore lun^ 
stones, and ocher layers, in which there is liccle or no admixture 
o£ sand, containing shells of marine animals. These rocks i^kter 
a passage &om deep to shallower water, a change &om a clear 
sea to estuarine or delta conditions: this means a rise of the 
earth’s sui&ce, an osdlladon in level from shallow water near 
the edge of a continent to deeper water farther &om the coast. 
The deltas of the river had gradually replaced a sea; a change 
in level converted a sea-floor, sometimes deep enough to be 
beyond the reach of sediment, into a region of sandy flats and 
muds. Eaclier in time conditions were mote stable; die greater 
part of England, practically the whole of Ireland and much of 
Wales were overwhelmed by sea, a sea shallowing towards the 
north of England and southern Scotland and deepening over 
Westmorland, lancashirc, and Yorkshire. We have now reached 
the open-sea phase, known as the Carbooifecxnis Limestone 
series. Thick beds of this limestone form the central arch of the 
Pennine range and part of die more southern ridge seen in the 
Mendip Hills, in the Cheddar Gorge, and in the Avon Gorge; 
it plays a prominent part in the scenery in many parts of 
England, North Wales, and Ireland; the great blocks of Ingle- 
borough, Pennyghent and Whemside in the West Riding of 
Yorkshire, the white clifls in Derbyshire, Miller’s Dale, Dove- 
dale and ocher valleys, the hills on the nocch-eascem border of 
Morecambe Bay, at Amside, Grange and ocher localities. The 
same limestones occur in places almost all round the Lake 
District; they are the rocks of Great Orme’s Head in North 
Wales. Long exposure of the rocks to the solvent action of 
water has led to the formadon of loi^ and tortuous caves, such 
as those in the Craven district of Yorkshire, the Cheddar Cli£ 
and elsewhere, also to the production of deep underground 
waceicourses, the best example of which is Gaping Ghyli, ^uth 
of Ii^lcborough. Another feature of many limestone Edicts 
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is the intersectiDg parallel series of fissures made by the widening 
of the joint-planes, by solution of tl^dr wails and the dissection 
of the rocky surface into channelled pbteauz, witii hare’s tongue 
fans lining the sides of the clefcs. In some localities the lime¬ 
stone is seen to rc« on a base of old shingle beaches which are 
indicative of the positions of coast-lincs on the borders of the 
Carboniferous sea. The position of the margin of the sea in 
which die Carboniferous Limestone was formed from shells, 
corals, and other calcareous fflaterial is shown, not only by the 
occurrence of conglomerates or shingle beaches as the base of 
the limestone, but by a gradual thinning of the beds as the old 
land is approached. As already stated, the Carboniferous sea 
was not continuous over the whole of England; there was a 
bek of land across the middle of the English r^on, and one 
^ece of evidence of this is the gradual decrease in thideness as 
the limestcdie is traced toward die edge of the barrier: in 
Derbyshire, the rock reaches a chipkness of about 1500 fr; in 
Ldeescershire, this is reduced to 850 ft. and nearer ic old coast¬ 
line, it is only a j ft. chick and is agodaced wiA pebble-beds. 

Districts where the grey and white limestones are exposed 
are among the most attractive to coUecton of fossils. In places 
where the limestone has been used for building walls, one can 
see on almost every scone shells of bivalves, pieces of coral and 
stems of sea-lilies. On polished slabs of the rock (marble) the 
structure of many kinds of coral is clearly displayed and recc^ 
nizable in cross-section by the radially ispesed plates partially 
tilling the cup or cylindrical stems, and corresponding to the 
fleshy folds in the body of a sea-anemone. Sea-lilies are repre- 
«ced by broken segments of the long, joinced, calcareous stems, 
in some parts of the councy known as Sc Cuthbert's beads. 
Among the commoner and larger fbssiJ shells are Adse of an 
extinct bivalve, supezfrdally resembling those of an oyster, 
which often occur in crowded masses that were ahdl-banks on 
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the ses-floor. The material of which the limestone is made 
vanes from place to place; coral reefs, shell-banks and, in some 
places, various seaweeds, which, like certain living species, had 
the power of extracting lime from sea water. In the desenpeion 
of Chalk, i rock comparable to the Carboniferoos Limestone, 
reference was made to the work of an amateur geologist who, 
by coUecebg sea-urchins :&om diffeteoc bands of the rock, was 
able CO provide valuable evidence from whidi it was possible, 
both to gain an insight hiw the nature of evolutionary changes, 
and to obtain crustvrotthy data by which to date the various 
levels by the occurrence of certain species of urchins. Laborious 
collecting of corals and ocher animal fossils, through many 
hundred feet of Carboniferous Limestone, has contributed very 
valuable infonnahon of a similat kind. It is within the reach of a 
keen and observant collector to extract from fossil-bearing rocks, 
at a locality which can be frequently visited, &ct8 of considerable 
scientihe importance. To become a iccogniaed authoncy oo 
even a single genus Is an ambidon wcH worth considendon. 

So little attendCQ has been given in this chapter to the 
Carboniferous rocks of southern Scotland, which cell rather a 
di&renc story and throw additional light on the physical en- 
vironmoit. The threefold divisaon of the period into Coal 
Measures. Millstone Grit and Catbooiieious limestone, typically 
illustraced in Lancashire, Yorkshire, and Derbyshire, docs not 
hold in an equal degree for NorthumbezhuKl and Scotland, 
where altemadng beds of sandy and mnddy sediment and seams 
of coal aHoed evidence of proximity to land. Id southern 
Scotland there was much volcanic aedwy, as shown by many 
lava-Hows, beds of ash and the stumps of volcanoes. Nonh 
Berwick Law is one of several isobted hrlls which were once 
active vobanoes, pouring &om their erzten sluggish screams 
of bva and showen of «h: now, all that Is left are the worn- 
down stumps formed cbMy of rocks chat had crystallized 


224 " FORBST. DELTA. AND SEA 

•witfain the centraJ pipe of the cooc. Trapraio Izw, the Bas Rock. 
Arthur's Seat on the oucsklm ofBdinbui^h, are ocher examples 
of volcanic activity in the Carbomferom age. Stirling Castle 
stands on a mass of volcanic rockj the Kilpatrick Hills and the 
Campsie Fells, near Glasgow, arc also volcanic ui origin. On 
the northern shore of the Rnh of Fortii, at Burntisland, beds of 
volcanic ash are a storehouse of petri^ botanical treasures; 
tiiey are crowded with scraps erf* trees and smaller plants of a 
forest overwhelmed by showcR of a hettn^eneous collection 
of rock formats thrown foom a crater in an explosive phase 
of activity. Similar beds of ash occur at Dalzneny. near the 
Forth Bridge, and they, coo, have fomished exceptionally well- 
preserved stems chat were killed bat not dssoyed: the won¬ 
derful perfoction of some of the more revealed 

by the microscope makes it difficult to rmlire that we are 
looking, not at a section cot froto, a living tree, bat at a seem 
of a forest tree tiiac was aHve more 2^0 million years ago. 
From volcanic beds of the same ^ at Laggan Bay. on the 
north-east coast of the island of Arran, many petcified stems of 
extinct trees have been described. We can picture the Scottish 
scow as closely resembling an Italian landscape; volcanoes with 
their flanb and base doAed with vegetation chat had grown 
precariously durii^ a quiescent interval and evcnroally, when 
the volcanic forces broke into activity, the greater part of the 
woodland was destroyed. The desmsetion was not complete; 
branches and other scraps of trees buried in the volcanic ash 
were turned into stone by ffie infiltration of water diarged with 
a mineral preservative derived from Ahe vokank material. 
Volcanic activity was widespread in southern Scotland; in 
England, there was comparatively little, but it is intcrestii^ to 
find layers of volcanic rode, lo^ known as Toadstones, inter- 
bedded with Carboniferous limenone in Derbyshire. 

A brief description ofa hill in the West Riding of Yorkshire 
may serve as an illusiration of the intetpretation of roeb as 
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docnmaits irom which to reconscruct the past. ^leborougb» 
one of a group of three hills, is a ^miliar landmark; ic is made 
of almost horizontal beds of Carboniferous rocks^ the lower 
600 ft. Is limestone containing a varied assortment of marine 
fossils; above this basal plinth of uniform stmcture we come to 
several hundred feet of thinner and less pure beds of limestone 
associated widi shales and sandstones upraised from a sea-floor 
that'was slowly lising and so converted a clear sea into a sea 
where sediment from the land was intermixed with the Umy 
ooze formedat a greater depth. Reaching the top of the hill, we 
£nd a flat platform of Millstone Grit (f^. 9). From the base of 
Ingleborough to the summit we traverse rather more than 
2000 ft. of Carboniferous rocks, pure limestone pasnng into 





Fig. 9. S « wa across Ingleborough. 


limestone containing sandy sediment, and layers of shale that 
were deposited as mud carried by rivers and currents; finally, 
at the upper limit, a thick covering of grit precisely the same 
as the mi^ thicker beds of Millstone Grit in other districts of 
Yorkshire and elsewhere. The uppermost series—the Coal 
Measures—is lacking. A mile or two &om the foot of Ingle- 
borough is the country town of Ingleton with its small coal¬ 
field: below the coal-bearing beds, borit^s have demouscrated 
the presence of a considerable thickness of grits exactly like riie 
fiat platform on the top of Ingleborough. This shows that the 
highest and youi^;esc rocks of Caibonifecous age, though un¬ 
represented on Ingleborough where die summit is formed of a 
bed of Millstone Grit, occur a few miles away on low ground 
more fban 2000 fh bebw die hill-top. How can this be 
explained? Imagine a plateau built up of limestone, grits and 
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shales, all sediments from the bed of a Carboniferous sea of 
varying depth: the plateau was subjected to die action of sub- 
tectanean forces from time to time set into operation by the 
disturbance of equilibrium within the earth’s crust; the result 
of the pressure caused by the unleashii^ of these forces was to 
raise a considerable area of ground to a higher level, but the 
resistance of the uplifted rocks to the uplifting force was limited. 
Relief was eventually given by the formation of great cracks 
and fissures in the strained crust. If we push upwards from 
below a sheet of hard materia], a slab of glass or slate for 
example, cracks will be caused when a strong enough force is 
appU^ and diese will form lines of weakness dong which there 
viril tend to be sUpping and a separation of the fiaccured mass, 
so diae part of it, on one side of a crack, slides downwards and 
comes to rest at a level below chat of the ocher part, which 
retains its ordinal poddon. This is 'whu happened at the end 
of die Carboniferous period: the erase of die earth was involved 
in widespread movement, diere was what is called a crustal 
revolution; to this stupendous thrust the rocks responded by 
folding into arches and troughs, just as pressure applied to a 
tablecloth wrinkles its fiat surface. In some parts of Rnglaad, 
for example in Derbyshire, it has been shown that the Car¬ 
boniferous limestone and other rocks were forced upwards in 
consequence of lateral pressure into the Pennine range. In the 
Ingleborougb district response to pressure was of a difierent 
kind; the rocks were not folded but were pushed upwards as 
great blocks of horizontally disposed layers riven by cracks and 
fissures many miles in lei^th and thousands of feet deep. The 
rock thus raised formed a huge plateau; the fissures broke it 
into detached blocks: one of the latest of the fissures, known 
as the Craven Fault, has been traced for miles running west¬ 
wards past Settle, northwards past Kirkby Lonsdale and along 
the valley of the river Lune. The Craven Fault caused the 
Carboniferous beds to slip along die line of fracture, breaking 
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chc condnuicy of che rocks; on die Ingleton side the rocks 
slipped downwards, while those of Ii^leborough and its com¬ 
panion hills rtmaioed at a much h^her level: the difference in 
level on the two sides of the fault is over 5000 ft. The road from 
Giggleswick towards the village of Austwick runs between a 
limestone cliif overtopping the road on one side and much 
lower ground on the other side where rocks of the MiJlstone 
Grit are exposed: the road follows the lin^ of the Craven Fault. 
An inspection of the rocks exposed on Chapel-le-Dalc, Crum- 
mock Dale and other valleys in the Ingleborough disttict shows 
that the lowest horizontal layers of Carboniferous Limestone 
rest upon steeply folded rocks of much earlier date. This uncon¬ 
formity is evidence of a long period separating the two sets of 
beds: the older rocks were once parr of a mountain chain that 
was raised by ciuscal movement from an early Palaeozoic sea; 
denudation wore 'down die ridge of high ground and, afrcc 
millions of years, the surface of the land sank below sea-level 
and on it were subsequently built up the sediments which 
became dte limestones, grirs and shales of the Carboniferous 
period. 

Tbe marine fossils obtained from the Carboniferous Lime¬ 
stone are mainly bivalves, both brachiopods and lamellibranchs, 
corals of many kinds, sea-Iilies. seaweeds with a calcareous 
covering, and several ocher anTTnfll< of the sea. In addition to 
these extinct representatives of families and groups which have 
members in the oceans of the present ^e> there are also a few 
examples of a group that we have not so far met with, a group 
known as the triiobices, which is mote fully desenbed in a later 
chapter. The triiobices, as we <ba 11 see, were much more abun¬ 
dant and played a more important rdie in the older Palaeozoic 
seas; diey had become gres^y reduced in numbers and genera 
by the beginning of tbe Carbotuferous period and it was in the 
seas of chat age that they'made ^leir last appearance in Sricain 
before finally disappearing during the Permian period. 


CHAPTBR XIV 


NoTthtm Lakes and a Scuthem Sea 

Leaving the Carboniferous sea and the grey clifB of the north 
and south-west of £r^Und that are the glorious monuments in 
stone of its long history and teeming life, we reach a chapter 
of history that is usually spoken of as Devonian, because it was 
in Devon that rocks of that age were desedhed by geological 
pioneers. The Devonian period is in many respects a striking 
contrast to that which followed it: in ks rocks are recorded two 
very di^retu phases of history, two different sees of pliysical 
conditions over fee region we now call the British Isles, hi the 
sedimentary rocks of Devonshire, as in fee Carboniferous lime- 
stone, chece are abundant corals and shells of ocher dwellers in 
salt water, a proof of the exiscence of an open sea seldom con¬ 
taminated by sediment from the land. These rocks give us a 
picture of a marine phase and a genial climate; but the great 
majority of the rocks feom which the facts used in this chapter 
were obtained were deposited not in an open sea, but in inland 
seas and la^ fiesh-watei lakes. An important point to make 
at fee outset is this: the documents of the Devonian period are 
preserved in two disdnee series of rocks, one series typically 
represented in Devon, and essentially marine in origin; the 
other series, consisting of many thousand feet of sandstones, 
flagstones, shales and enormous piles of pebble-beds with a 
prevailing yellow and red colour associated with a considerable 
amount of igneous cock, his its greatest development in Scot¬ 
land and is known as fee Old Ked Sandstone. The Scottish 
stone-mason, Hugh Miller, a self-taught pioneer in the inter¬ 
pretation of the story of fee rocks, was the first writer who, in 
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his classic book 7 *ke Old Red Sandstone (lS4l)i accessible 
to bymea the wonderful history of this period. In consequence 
of the much greater thickness and wider distribution of the 
rocks of this phase the term Old Red Sandstone is o£^ applied 
CO the whole Deronian period. It is, however, convenient 
occasionally to use die title Devonian in a restricted sense, that 
is, for the marine limestones and other sedimentary, beds in the 
southern region where the land was covered with sea. This 
twofold character of the rocks of the Devonian period—using 
the name in the wider sense—is a characteristic feature of the 
British Isles; over the greater part of the European condncnc 
rocks of Devonian age are marine. In the British area it is only 
in south-west England, south of the Bristol Channel, that the 
marine type is found. The whole period covers at least 40 million 
yean. Old Red Sandstone rocks, in contrast to many of die 
marine beds in Devonshire, are of^ barren and ofier small 
rewards to the coWcetot, but, for that reason, localities where 
animal and plant remains are known to occur are especially 
important and well worth attention: moreover, it is sometimes 
possible to discover fossils in places where they have never 
before been found. Throughout the greater pare of the millions 
of years assigned to the Old Red Sandstone phase condidons 
remained &irly uniform; the rocks deposited include layers of 
sandstone and shale, heaps of pebble-beds, masses of material 
consisting of angular pieces of rock (breccias), and chick beds of 
lava and other rocks of igneous or%ia. During long periods 
sediments were slowly piled up on the floors of lakes; there 
were recurrent bursts of volcanic activity on land and under 
water. Comparison of fossil animals and plants collected at 
different levels through the thousands of feet of rock shows that, 
in the course of the inconceivably bng period, the unfolding 
of life brought into being a succession of new forms iUuscraiing 
progressive development, especially in the pbnc kingdom. 
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In the Shedvid Islands, Old Red Sandstone rocks occur in 
the promontory south of Magnus Bay, on die west coast, and 
at Z/crwick, on the east side; Fair Island, between die Shedand 
and Orkney Islands, famous for its pull-overs with chara^* 
ceristic designs said to have been given to the islanders by sailors 
of wrecked Armada ships, is a fi:agment of what was once a 
centinaous sur&ce of yellow and red beds; islands of the Orkney 
archipelago are built of Old Red Sandstone. At the soutK- 
wcsiem comer of the Orkneys a conspicuous landmark is the 
Old Man of Hoy, a call pillar of flaggy beds 450 ft. high resting 
on a plinth of igneous rock, detached ftom the main mass by 
Atlantic breakers (Plato VlII). Rocks of the same age cover part 
of the Caithness plain, to the ease of the much older rocks of 
Sutherland, where they build die clif 5 at Dmmec Head at the 
western end of die Pentland Firth, the Impressive cliSs at Dun* 
cansby Head at the north-east comer of Scotland, past Wkk 
CO the Moray Firth and in patches to the east. On the south shore 
of the Moray Firth and between Inverness and Naim, pebble-beds 
show the posidoo of an old beadi at the foot of clifts composed 
of rocks of much greater andquity. Old Red Sandstone rocks 
arc exposed over a diagonal tract of coimtry along the northern 
boundary of die undulating lowlands of the Midland Valley, 
from Stonehaven on the coast ahouc 20 miles south of Aberdem 
to the Filth of Clyde and the island of Arran; this boundary is 
the line of the Great Highland Fault, a ftacture which cau^ 
the Old Red Sandstone to slip downwards and brought it into 
Juzraposidon widi the more ancient border rocks of the High¬ 
lands. Most of the Midland Valley is occupied by Old Red 
Sandstone and Carboniferous rocks; on the southern border it 
is separated ftom the Souebem Uplands by another ftaemre 
stretching ftom Dunbar to Girvan. Formerly the red rocks 
were, no doubt, spread over the land to the north and were 
mainly destroyed by denudadon. The Ocbii and Sidiaw Hills, 
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ill the more northerly part of the Midland Valley, are prominent 
features due to the hardness of the volcanic rocks of which diey 
are largely made. Similar volcanic rocks are associated with 
sedimentary beds in Glencoe and there are others hetween Loch 
£Qve and Oban. Tlie most southerly development in Scotland 
of Old Red Sandstone sediments and associated volcanic rocks 
is ^6m Dunbar in the north co the Cheviot Hills over the 
border. In England rocks of this period occur only in patches 
until we reach Herefordshire, and the neighbouring counties on 
die south and west, where they underlie districts of rich cultiva¬ 
tion, and, as at the Brecknock Beacon, form bold escarpments. 
Old Red Sandstone rocks do not occur in Nordi Wales, but 
there are exposures in Anglesey, and in Shropshire and Radnor¬ 
shire: in all probability they were formerly spread over most 
of the Welsh mountains. Old Red Sandstone rocks occur in a 
district south of Omagh in northern Ireland; the other groups 
are scattered over the large central area, by hx the greater part 
of which is formed of Catboniierous Limestone. The latest 
development in Ireland of rocks of the Old Red Sandstone phase 
is a belt from Dingle Bay to Waterford, and it is &om these 
rocks in southern Ireland chat the best examples in the British 
Isles of Upper Devonian plants have been obtained, plants of 
a much higher type than diose from the older rocks in Scotland. 
The northern short of the Bristol Channel is the southern boun¬ 
dary of rocks of die OH Red Sandstone phase. For various 
reasons, partly difierences in the animal and plane fossils, partly 
on physical grounds—the relaticn of the series of beds to one 
another—the 20,000 or 30,000 of sandstones, shales, con- 
glomecaies, and other rocks, have been referred by geologists 
to separate subdivisions, Upper, Middle and Lower. For our 
present purpose it is unnecessary to draw a distinction between 
these stages, each of which represents many million years. The 
elevation of the Silurian sea-floor before die b^mning of the 
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Devonian period converted part of the Scottish region into land 
with lakes and inland seas; one large lake extended from northern 
Ireland across the central Lowlands of Scotland, in which about 
20,000 ft. of Old Red Sandstone sediments were deposited: 
over the bed of the lake were spread thick layers of lava and 
beds of volcanic ash, and summits of volcanoes rose above the 
water-IeveL This great lake covered a la^e Scottish area, and 
was bounded on the nordi by cMs of a continent which included 
the North-West Highlands, and the highlands of Scandinavia. 
Land lay over the northern half of Wales and northern England, 
where there was a lake which reached into Scotland. 

The enonnous piles of Old Red Sandstone sediments are an 
impressive record of a stage in the history of the British Isles 
when the land was under more or less desert conditions; thick 
masses of water-wom pebbles derived from the edd Highland 
rocks are evidence of occasional rain storms, of swollen rivers 
transporting heavy loads of latge stones; masses of more angular 
stones suggest screes and hns of frost-riven rock fragments such 
as now are characteristic features in desert lands. Ocher evidences 
of an arid climate are the relatively small number of fossils, the 
well-rounded s^d-graim like those of sand-dunes and the sand 
in desert countries, sun<racks on sandstone diatwas once a sandy 
dac, and pits made by the impact of rain in recurrent storms. 

The rocks of the marine or Devonian phase are conSned to 
England , and are exposed in Devonshire from Lynton, where 
they are well shown in the Valley of the Rocb, to Barnstaple 
and Exmoor, and in South Devon eastwards to Plymouth and 
Torquay; they are seen at Berry Head near Torquay, at Dart¬ 
mouth and at Tomes, and the valley of the Dart; at Anstey’s 
Cove the rocks are folded and ftacruied and seem to be inex¬ 
tricably confused. Devonian rocks are widespread in Cornwall. 
The black ja^ed headlands of Morte Bay are highly incEned 
beds of sediment uplifted &om the bed of the Devonian sea. 
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Hugh Miller ciade many valuable contributions to a know- 
letlge of tbe li£e in ^ Old Red Sandstone lakes, and of die 
vegecadoo that left scattered samples m the sediment derived 
from the land bordering the water. Since his day, prolonged 
and padent search and the applicadon of improved methods of 
extracting &om unpromising scraps of trees and shrubs die 
maximum amount of informadon have thrown much addi- 
donal light on the nature of the vegetation. Not very long ago 
a most impoccanc and welcome discovery was made at Rhynie 
in Aberdeenshire, of a bed of hard flinty cock full of beaudfui 
petrified pieces of plants. The rock was probably formed by (he 
deposidon of mineral matter dissolved in the water of hot 
springs duiii^ a phase fbllowii^ volcanic erupdons; it may be 
described as a bed of peat converted into stone, containh^ plant 
remains and bodies of the oldest known insects. From these 
peoifled scraps it has been possible to reconsema some of the 
peat'fonning plants which are amoi^ the oldest, thcugli not 
quite the oldest, examples of land vegetation. Most of those 
preserved in die Rhynie Chert were not more than 6 or 8 in. 
high; the stem was slender and sparsely branched, some were 
leafless and roodess, obtaining water from the swampy ground 
by means of delicate hairs on the unde^rouod parts of the 
stem; others were clothed with small and crowded leaves, very 
similar to those of modem club-mosses (Lytopodium). The 
reproduedve apparatus was very simple, the swollen ends of 
thin branches containu^ numerous small spores, almost identical 
with the spores of club-mosses and ferns. Though superflcially 
comparable to some exisdr^ plants, they were peculiar in 
certain important features &bm which we can form some idea 
of early sages in the evoludon of plants fitted for life on land. 
Many ocher plant remains have been collected from Old Red 
Sandstone beds in different pans of Scotland and the Orkney 
Islands, and from rocks occupying different posidom in tbe 
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order of succession of the rocks of the period- The plants from 
the lower subdivision are definitely simpler than those from 
the upper part of the Old Red Sandstone. For a fiiUer account 
of Devonian vegetation as a whole* reference must be made to 
other sources. So as we know, there were no tall trees* 
ceruinly not in the earlier vegetation. A few of the simplest 
and lowest forms from the Rhynie Chert, which was formed 
in the middle stage of the period, agree closely with plants of 
the present age, but the great majority differ coo widely from 
living members of the plant kbgdom to be associated with 
them in the same group. It is, however, noteworthy that these 
ancient plants were constructed of cells precisely the same as 
the cells which make up the bodies of plants that exist co-day: 
dien y now we feel certain that the living machinery drew its 
ene^ from sunlight, and it is reasonable to assume that the 
living protoplasm contained minute green bodies which ab¬ 
sorbed rays of light. Many of the plants were partially sub¬ 
merged, and in some respects resembled seaweeds, while others 
were better adapted to life on land. It is possible—though proof 
is lackiiig—that die first plants to establish themselves on land 
came from older types which lived in the sea, and this possi¬ 
bility receives some support from the structure of certain of the 
older Devonian forms. The largest specimens of plants of the 
Devonian age in the British Isles were discovered in rocks of 
the upper series in southern Ireland: these include stems and 
cones of fiirly tall trees that were ancestors of later types which 
lived in the forests of the Coal Age; hi^ fem-like frondi, a 
few feet in length, bearing wedge-shaped or oval leafiets and 
capsules containing spores. These were in all probability the 
fbhage of plants that were not true ferns, but early representa¬ 
tives of a class winch later occupied a prominent place in 
Palaeozoic fioras and persisted into the earlier stages of the 
Mesozoic era, the extinct class of Pteridospeems* that is iem-like 
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plants which iud advanced beyond che ferm and reproduced 
cheimelves by seeds. 

Animal life in the Devonian period was of two distinct lands: 
animals that lived in the open sea left shells and ocher hard parts 
in the limesconei and other rocks of southern England; animals 
chat lived in che large fresh-water lakes of the Old Red Sand- 
stone phase inctoduce us co many strange creatures of a type 
not previously met with in our descent through die geob^cal 
sequence. The marine fossils of the Devonian phase are, many 
of them, very similar co diose characteristic of che Catboiuierous 
LiiuesKne: numerous corals* sea-lilies, some starfishes, many 
molluscs and other bivalves. Among the more inceresang fossils 
from Old Red Sandstone rocks in Scotland and Hecefoidshire 
are primitive kinds offish and animals, remote &om airy in the 
modem world and whose position in the animal kingdom is 
by no means certain. The fishes diSeced fiom ordmaxy kinds 
with which we are friniliac, in having a cartilaginous cod along 
che back instead of the usual bony rod made of vertebrae; they 
were protected by a cough skin bearing tubercles and bard plates 
that formed an armour over the body. Some of these have their 
nearest relatives in che mud-fishes, such as Ceraioius of Australia 
and other rare survivals in Afiica and South America, called 
also lung-fishes because they have not only gills but air-bladders 
that act as Lungs enabling them to breathe when they are encased 
in mud during times of drought. They were forerunners of our 
common fishes and were descendants of sdll older Silurian 
species; some reached* a length of several feet. A remarkable 
example of these extinct aeatuces was named Pterichhys because 
it had wing-like paddles attached to each ^ont comet of dae 
body-shield; it was discovered by Hugh Miller when he was 
working as a stone-mason in a quarry in Scotland. Another 
genus, Paletosfoniylus, discovered in the flagstones of Crithness, 
is one of the oldest animals with any trace of vertebrae; it agrees 
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in (ome of its characters wick existing lampreys, which are a 
very low type of fish. The second group of Old Red Sandstone 
aquatic animals, often referred to as exdnct Crustacea, is illus- 
traced by Eurypt^rus, Pterygotus, and ocher genera; they reached 
a lei^^ of 9 fh; the body was covered with a duunous mem¬ 
brane and they had large compound eyes. The exisemg king 
crabs (LiVru/m;), familiar in aquaria, bear some resemblance to 
the larger Old Red Sandstone Eurypterids. 

Devonian rocks in many places lie on b%hly diced and folded 
beds of a much older period: this strongly marked discordance 
between two adjacent series, one almost horizontal and the 
other series inclined at high angles, helps us to lecoosccucc events 
preceding the ini rial stages of the Devonian period. Ac the end 
of the Silurian period, described in the next chapter, the earth's 
crust over a wide region of the Northern Hemisphere was 
subjected to far-reaching and internal strains and stresses which 
caused elevadon and folding of the rocks into great arched and 
CTOughed ribs of high ground. This crustal disturbance, usually 
spoken of as the Caledonian revolution, may be described as 
die birth-pangs of mountain chains that, as the ground was 
heaved upwards and laterally compressed, rose to heights greater 
chan the much more modem Alps of Switzerland. The building 
of these moun tain chains reached its maximum before the dawn 
of the Devonian period; it was one of several cycles of crustal 
revolutions which were poceoc factors in changing the face of 
the earth. Not only were thousands of feet of sedimentary rock 
forced upwards from enormous troughs filled with water and 
containing shees of sand, clay, and ^alky ooze>—the stuff of 
which rocks are made—that had been accumularing on the 
sea-floor through millions of yean; there were ocher mani- 
fesutions of pent-up ctie^ that was released when the rocks, 
under terrific pressure, were no longer able to bear the strain. 
We can picture in fiunt outlines the unequal contest between 
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the ibcks and die ijresistd>le forces suiting as an eardi*^conu 
through the crust, agiadng it as oceans are lashed into rollers 
as the wind furies reach their maxinium effort. Ac length, die 
end came; the rocks broke under the strain, riven by long and 
deep Assures along which lateral and vertical movement became 
posnble, The faulting and displacement seen in the Scottish 
Highlands are permanent expressions of the revoludon. Another 
accompamment of the revolution was the outpouring of lava 
over large areas: in addition to the molten material sub¬ 
terranean sources which reached the surface, other liquid and 
semi-liquid matter was impelled upwards from deep-seated 
reservoirs into die overlying cocks and, sdll ^ below die 
sur^ce, cooled into a crystalhne mosaic, gradually and under 
the pressure of the coverii^ it had &iled to penetrate. The 
granite at Shap, in Westmorland, is an example of a molten 
mass diat became a coarsely crystalline rock under precisely^ 
these conditions and during the same Caledoiuan revolution. 

So only a few of the e^cts of this pre-Devonian period 
of mountain-building have beenmendoned. bidieNorth-Wcse 
Highlands of Scotland, the narrow so^ along the coast from 
a short distance ease of Cape Wrath to loch Inver, the original 
order of die rocks has in places been reversed by internal folding, 
over-folding, and dislocadon. Kocks were not only bent into 
regular arches and troughs but, as the compressing forces 
increased, arches were squeezed unti] their symmetrical limbs 
were pushed forward and downwards so that one side of the 
arch was depressed and overtopped the shortened limb in front; 
folds were overfolded and became recumbent folds. Under 
this gigantic strain rocks were shattered and fractured, some of 
the fractures being formed along a line inclined at a low angle 
to the horizontal; when the crust at last yielded to this irre¬ 
sistible force great blocks of it were thrust bodily along the 
fractured surface, and uldmately came to rest on the top of the 
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rocks that had oiicc been above thetn, utd diui the order o( 
age was reversed, lliese dbrupdve {bices may be said to have 
bid the {bundacioDs of (be stmetorai featcres of the Scottish 
Highlands, and of some ocher parts of else British Isles. The 
upheaval of mountain ranges, accompanied by volcanic out¬ 
bursts, and the aplifong of molten material from deeply seated 
reservoirs, brought into bring a new land bulk of rocks older 
than those of the Devcoian period. Of this andent land little 
is left save the battered and wom-down rocks and mountains: 
it was upon these ixsconcervably old dbs of the earth’s crust diaf 
the ceaseless sculpturing of Natare*s tools impressed the High¬ 
land scene and the landscape, which as we see it with a vision 
sharpened by understanding, awakens our of awe, and 
btinga © nearer to die . 

Anodier consequence of scMms due swept through the crust 
of (he earth was the alteration of sedimentary and ocher rocks 
hy inCeose heat gaierated in the process of folding and com¬ 
pression. RcxJts chat were originally sofr mud or day, and sheets 
of volcanic ash spread over the ocean-bed, were baked and 
pressed and transfonned into hard slates: the well-known 
property of many roofing slates to split almoscindefinitcly along 
parallri planes, known as cleavage-planes, is caused by the 
orderly anai^ement of the particles, vdikh is an expression of 
the pressure that rendered (be rocks semi-plasdc, and thus led 
Co the particles placing themselves u right angle to the com- 
pellii^ force. This pre-Devonian oustal di wirhan^^ was by no 
means confined to die British, cir even to the Buropean, region; 
its efrects are recorded m the rocks of North America, northern 
Greenland, and the Ttr Bast The revolution was 

not only an important early stage in the building of the frame¬ 
work of the British Isles: it was abo a major frccox responsible 
for the change of otdioary sedimens into rocks of great 
economic value; sandstones, shales, and limestones were con- 



KOSTHESN LAKES AND A SOUTHEKN SEA 239 

verced by hedt and pressure into rocks teseoibling in thek 
cryjcalliae aspect those formed by igneous action; sandstones 
became hard quarcites, shales beca^ slates, and limestones 
were metamorphosed into crysralhne marble. It was only after 
many years of observation in the field, and prolongod and 
occasionally bitter controversy, that geolcgtics were able to 
unravel some of the secrets of the Highlarids, to sec in imagina¬ 
tion iht strength and the results of the Caledonian revolution, 
and to appreciate the chat under prolonged strains and 
Stresses even die hardest and toughest rock is little more than 
clay in the hands of the potttr. 
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The OUtr Palaeozoic Seas 

bi the Devonian period, 9 S we have seen, there were two 
contiasced scenes, two seo of very different geographical con- 
didoQS, over die westtn edge ofEorope: die region that is now 
the southern margin of England was subme^cd under an open 
sea warm enough for reef*forming animalt co build banks of 
coraL Over a much more extensive area; from the Shetland 
Isles through Scotland and frr into England, la^ fresh-water 
lakfft recrived enormous ipiantiries of coarse and 6 nt sandy 
sediment carried by ffood-water and mote gently dowing rivers 
from a semi-arid continent Tlie next stage in our descent 
brings us to some thousands of fret of vaxioos kinds of sedi¬ 
mentary rocks, all of whkh were lifted up during widespread 
movements of the earth’s crust from the floor of an older sea. 
More than a century ago Sir Roderick Murchison gave the 
name Silurian co die period immediately preceding the De¬ 
vonian. The Silnrcs were a British tribe whkh fought gallantly 
for liberty against the Roman invaders ;dKyUved in the southern 
pare of Wales and die Welsh Borderland. Devonian and 
5 ili>rian rocks, distinguished from ooe another by their fossils, 
occur together in some places and their jmetaposidon might be 
regarded as evidence of an almost uninterrupted aansloon from 
one period to the other: such close assooadon of rocks belongmg 
to two periods is, however, ofan misleading. Between die 
latter part of the Silurian and the early stage of the Devonian 
period chae was a long innrrhide in whkh the orderly process 
of rock-fbrmadon was mcerrupted by one of the greatest cycles 
of mountain-building m the earth's history. The 
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revolution, described in Cbapcer m, swept ss a devastating 
storm over many regions, cnimpliag, overturning, and frac¬ 
turing the rocks and spreading disorder fruougk thousands of 
fret of the foundation-stones. "With our narrowly circumscribed 
outlook we are apt to think of this crustal upheaval, recon¬ 
structed through an intensive study of the rocks, as a sudden 
catastrophic event: it was doubtless a gradual process whidi, 
viewed in retrospect, gives the impression of an awe-inspiring 
and rapidly enacted cataclysm. 

In diis chapter are included brief accounts of rocks of three 
geological periods, which may be spoken of as a set of docu¬ 
ments enabling us to visualize the coune of history in the earlier 
half of die Palaeozoic era: the periods in descending order of 
age are—Silurian, Ordovidan, and Cambrian; they embrace 
approximately 200 million years. Despite the large slice of 
geological time, it is convenient and ampler to treat them for 
present purposes as three similar episodes in one protracted act 
of a great drama. The rocks cell a gmilar story, foe spread of 
open seas, Inhabited by an abimdant and varying host of rela¬ 
tively simple marine creatures, over a large part of the British 
Isles, sometintes a cootiacted sea, at ocher times an expanding 
ocean. The rocks of the three periods are mainly sediments, 
ofren much alceted by heat and pressure, with intermixed lavas 
and beds of volcanic ash, in part poured out and showered over 
the surface of foe land, for the most part on foe sea-floor. In 
foe Silurian and Cambrian seas there was little volcanic aedviry: 
on the ofoer hand, the Ordovician period was an ^e of frre; 
many tliousand fret of igneous material were flimished by 
volcanic centres of eruption. 

The name Cambrian was given long ago by Professor Adam 
Sedgwick of Cambridge to the oldest rocks of the Palaeozoic 
era; the title was chosen because he first studied them in Wales 
(Cambria). In 1S79 Professor Lapworch of Biroiingham pro¬ 
se 16 
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posed the name Ordoriciaa for z scries of* rodu, sedimentary 
and volcanie, inreimediace in age berwcen some previously 
classed respeedveiy as Silurian and Cambrian: dus change in 
classiEcadon was made becaose more dioxough czaminatioii 
had shown diat the division into (wo periods, Silurian and 
Cambrian, was inadequate, and did not give a true picture of 
die course of geological history (see Chapter v). The Ordovices 
were the last British tribe in Wales and the Borderland to yield 
to the Roman legions. It must not be assumed that the shorter 
space devoted to the sketch of these three periods is a measure 
of the difficulty of the interpretation of the records: as a matter 
of het the complicated history of die events they cover lias in 
recent years taxed the ingenuity of many geol^ists. My pur¬ 
pose is not to discuss die many subdivisions of the three periods, 
and their coriebti«» in different r^ions, but rather to give a 
general account based on wdl-established feco. omitting tech¬ 
nical details, Ordovidan, and Cambrian rocks are 

constituents of the oldest visible land in Great Britain. It was 
dom this andect land in Wales and Shropshire chat some of the 
material was derived which went to the building of the newer 
rocks over most of Bngland. tet us hist take a cursory survey 
of the three periods bdbre describing the cocks in the districts 
where they are best displayed. Whoi we pass horn die lowest 
and .oldest Devonian rocks we come to many thousands of feet 
of conglomerate, sandstone, shale, and lunestonc, all of which 
wcK formed as layers of sediment on die floor of the Sfluiian 
sea. The occurrence of cm^lomerams. wHd) are old shingle 
beaches, helps us to trace the pontion of the shore line: the 
Breidden Hills, the Longmynds, and the Malvern Hills, are 
remnants of a peninsula lying between a northern and a southern 
sea. Tc has bea estimated that the Silurian period lasted nearly 
30 million years; la^ areas in southern Scotland, Wales and 
England were under water; the Highlinds of Scotland and 
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Scandinavk were united aj parts cfsaoitKcmcononent Duiiag 
some stages of the Silurian age a transverse esttcnsioa of the 
main concuiental region lay across England &oin Yorkshire to 
South Wales, but this was partially subme^d und^ a shallow 
sea as the ocean-bed in the English region rose to a higher level. 
During this period there was hardly any volcanic activity in 
the British region, only occasional outpouring of lava over the 
$ea* 4 oor in certain districts. It was essentialiy an age of almost 
uninterrupted piling up of sediment on the bed of a sea which 
rose and fell with oscillations of the crust. Tlie geographical 
distribution of the rocks is evidence of the wide extent of the 
sea: it has been possible to recognize and correlate the various 
kinds of sediment, sandstones, shales, and limestones by the 
fossils they contain, all of which are marine. It is true that a 
few very imperfect fossil plants have been discovered, but they 
tell us nothing of the lucure of the contemporary vegetation of 
the land. A short account is given on a later page of some 
exceptionally interesting Silurian land plants discovered a 
years ago in Australia. 

Penetrating farther down we meet with a succesnon of 
thousands offset of Ordovician rocks, some ofwhich in structure 
and origin are very much the same as the sedimentary beds of 
the Silurian age, and, like them, they were formed on the £oor 
of a sea; it was a sea Inhabited by creatures similar to those of 
the younger period, chough not identical The chief difereoce 
between die Ordovician and the Silurian period is the enormous 
mass of lava and volcanic ash incetcalared among the Ordo¬ 
vician sediments. As we shall see, Silurian and Ordovician 
rocks compose practically the whole of the English Lake Dis- 
trice. The Ordovidan period lasted more than twice as long as 
the Silurian. 

We finally reach die still older and much longer Cambrian 
period: here, too, the rocks are marine sediments, with shii^le 
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bodies fcsQAg OB tf>e of d>c most aiidcnc Und in the 
British Is^os from s^iich the pebbks were mide by \^'ave$ 
beatii^ on the Cambrian cli£. Hie sandstones, sbalcs and odier 
sedimentary beds, thoiigb coDfainipg fossils peculiar to them, 
arc similar types ofrockco those of die OrdoWdanand Silurian 
periods. As in the Sdurian, ther? was little volcanic activity. 
Tbrougbour perhaps lOO million years of Cambrian time, large 
areas rcmau)^d o&der water; there was sea over northern and 
western Scotland, over Nordi and South Wales, parts of 
England, and reaching to Scandinavia on one side and North 
America on (he other. The simplest plan is to take a rather fuller 
geographical survey of the rocks of die three periods, trearing 
then) CO some extent in chronological order. 

TBS LASS PISTUCT 

The Bngikh Lake Diserict, an approxiaiacely drcular area 
3 S niiles in diameter in the consoes of Cumberiand and W^ 
mocland, has a special diarm for loras of die more kindly type 
of hilly country, and even a superricial knowledge of ic geo* 
logical history can hardly ^ to supplement a purely aesthetic 
eojoymenc, by providing a broader appredadon of its signi- 
hcance based on die results of geologi^ intespretation of the 
rocks. The smoodied contours of many of the hills, btoad 
U-shaped valleys and hanging vaBeys, many of die deep basins 
filled with lakes and cams, mounds and ridges of boulder clay 
and other superficial deposiB, am some of the physical features, 
almost die latest finger-princ of Nature (hat are l^ aci es fiom 
the Ice Age. The major features, the comrast of hills and valleys, 
bold escarpments and sharp-edged precipices, with &ns of 
screes at cheir feet, have been carved out of heterogeneous 
rock-masses by the ceaseless and. to us, almost imperceptible 
operation of denudation and erosica. The Lake District proper 
IS .built of thousands feet of Silurian and Ordovirian s^- 
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in«nary and igneous rocks: die southerc half consists of 
Silurian rocks, and the northern half of Ordovician rocks, most 
of them volcanic in origin. A girdle of Carboniferous lime¬ 
stone, interrupted here and there, surrounds die central reg;ioni 
the light grey encircling wall is die remnant of once ccnticuous 
sheets of calcareous sediment from the door of the Carboni- 
ferous sea, which, in a fer-ofT age, and for a long peiiod, lay 
over the whole. On the south-western border, in the Furness 
district, in the cli/fi at St Bees farther north, and in the valley 
of the Bdcn on the east, there are patches of red rocks of 
Pennian and Trlassic age. which are the geologically youngest 
components of die peripheral rim. All these encir^g rocb 
arc 4e wom-down and basal portions of thick layers of sedi¬ 
mentary material, ranging feom Carboniferous to Triassic in 
age, that in earlier days were spread as a thick mantle of stone 
over the then completely hidden Silurian and Ordovidan 
fbnnations. 

Let us ay to f?Ilow the events which converted the enor¬ 
mously thick layers of rock originally lying horizontally, or 
nearly so, and in more or less regular order over a wide expanse 
of country into the Lake District as it is now. A relief map of 
Lakeland, such as one sees at some railway stations, shows that 
the lakes tend to lie in valleys radiating from the centre as 
though cut by rivers dowing down the slopes of a great moun¬ 
tain. This feature, together with other kinds of evideuce, has 
led to die conclusion that the whole r^on was lifted up as a 
gigantic dome-shaped bulge pushed upwards, in the course of 
crustal disturbances by an impelling force below the surface. 
As elevadon proceeded, the destruedve action of erosion through 
countless years gradually stripped o^ the upper layers and, 
eventually, exposed the older Palaeozoic rocks which, in cum, 
fell a prey to the differeneUl sculpturing by water and feosc 
whi^ acted unequally on the hard and soft material, When did 
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this upheiTAl occur? Tc most luve been suhsequeot to the 
deposidon of the yooogest rocks ificcced by the crustal dis¬ 
turbance, namely the red sediments of the Triassic period which 
form the uppermost cooises of the denuded and partially de¬ 
stroyed endicling girdle. Probably whar may be called the 
birth of the uplift of the block that was eventually 

ftshloncd into moontain, fell and dale, was one of the results 
of the Stupendous crustal revolution in the earlier half of the 
Tertiary era. described in an earlier chapter as the'Alpine storm. 

Wc now rum to the rocks in die heart of die Lake Distxkc. 
Rocks of Silurian age make op the soutbem hal£^ ftom Cartmel 
and Uhrencon, in the sooth-west, to Tebay and Sedbergh, in 
the east, and as far north as the head of Windermere; Silurian 
beds are exposed in the Coniscon district, at Ambleside, and 
over the whole of die lower and less rugged half of Lakeland. 
The rocks are shales, Sagstones, beds of impure limestone and 
other sediments that were deposited on tbie door of die sea. 
Some of the shales containing graptolites are rich in carbon and 
consequently black and dark grey in colour, and it may be that 
the carbon was derived ftom die decompoiririon of floating sea¬ 
weeds to whidi graptolites had attached themselves. In die 
more calcareous beds, for example in die neighbourhood of 
Coniston and Ambleside, remains of other marine animals are 
abundant: the disce^very of many species of starfish in one of 
the limestones is proof of the aodqaicy of these ftmiHar creatures 
of modem seas. 

The rocks of the Ordovidan period inclnde sedimentary beds 
rimiUr to those of Silurian age, but they are subordinate in 
amount to many thousand feet of lava and volcanic ash. The 
northern half of die Lake District is made of Oedovidan rocb: 
die oldest series—die Siriddaw Sbtes—consists of shallow-water 
mud and sand hardened and metamorphosed into slate. These 
beds are well developed in die Keswick discricc, Saddleback and 
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Skiddaw: the country on the shores ofBassenchwaite Lake is a 
typical example o£ Skiddaw Sbce scenery; also, around Butter- 
mere aud Crummock Water. The rocks next above the Skiddaw 
Slates are refiaied to the Borrowdale series; they arc mainly 
volcanic and reach a thickness of 20,000 ft. The Bortowdale 
rocks form a strip neatly 20 miles broad, running soudi-west 
and north-east, and including all the most spectacular parts of 
the Lake District, with Helveliyn, ScafeU, die Langdale Pikes 
and most of the other high peaks and famous climbs. Near 
Grange, in Borrowdale, it is possible to see the Junction between 
the Skiddaw Slates and the Borrowdale series, recognizable by 
the dark green colour of the volcanic ash in contrast to the blue 
and black Sfcuddaw Sbtes. From the west shore ofDerwent- 
water one sees terraces of rock-byers on Falcon Crag which are 
due to beds of hard bva. Castle Head, near Keswick, is a 
prominent feature in the landscape caused by the presence of 
an ^neous rock that was intruded into Ordovidan beds. Veins ' 
of graphite and of copper, lead and zme in the Skiddaw and 
Borrowdale discticts occur in the Ordovidan series, and possibly 
their formation may have been coimected with the igneous 
activity. It is not always possible to say deftnitely whether 
bva-flows and volcanic ash were formed on a land-surftce or 
the floor of a sea; the absence of fossils may mean that they were 
subaerial in or^in, though some were, no doubt, submarine. 

SOUTHERN UPLANDS OP SCOTLAND 

The transverse belt of country in southern Scotland, beyond 
the English border, from the North Sea to the Irish Channel, 
is known as the Southern Uplands; it is bounded on the north 
by die fault which marks the southern limit of the Midland 
Valley or Central Lowlands, and on the south by the Solway 
Rnh and the Cheviot Hills. Travelling to Scotland on the 
L.M.S. railway from Carlisle, one passes through typical Up- 



24$ THE OEDSE EALAE0201C SEAS 

lands sc«nery, a loUing sea of broad, rounded hills intersected 
by deep, currow valleys. Most of the country is on Silurian and 
Ordovidan rocks wiA some Old Red Sandstone. In the soudi- 
westem distiicc, in Galloway, jndtvilng Cridel and Dalbeattie, 
large blocks of granite give a more rugged and grander cha¬ 
racter to the landscape. Use Sikuian and Ordovician rocks are 
mostly shale, sandstone and grit, sediments &om the floor of 
a sea containing many species of grapmhtes: the rocks are 
steeply inclined—is, they dip at a high angle-~and their 
position is indicative of intense folding; diey represent the basal 
wreck of an ancient mountain range which was one of the 
results of the Caledonian revolution at the end of the Silurian 
period, (n the following description special anenden is paid to 
the sedimenttry beds of the Otdovidan period because they 
serve to illustrate a bnllianr piece of intenave geological explora¬ 
tion* whkh provided a solndofl of a very difficult problem. 
Rocks of Silurian age axe associated with the Ordovidan beds 
in the Southern Uplands, and bodi were Involved in the crustal 
folding responsible for the complicated scructural features de¬ 
scribed below. Ordovidan rocks axe exposed on the west coast 
at Stranraer, Ballantrae, and Girvan: the beds of shale and tlic 
much thicker beds of gris are spoken of respectively, from the 
places where they ate well developed, as the Mof&t Shales and 
Girvan Grits. Compaiisoo of fossil giaptolims in fltese beds 
showed that bods series belong to the same geological stage. 
The shales pass laterally into sandstones and grits, and this change 
in the nature of the sediments—shales becoming replaced by 
grits—is evidence of deeper water being replaced by shallower 
water. At Moffi» the shales are 300 ft chid:; in the Girvan 
district they are represented, as shown by the comparison of 
fossils, by some thousands effect of sand and grit In Chapter v 
an account has already been given of die apparently in\'erted 
order of some of the beds in the Southern Uplands, and of how 
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a Study of the graptolitcs in them led to the conclusion that the 
rocks had been intensely folded into arches and troughs, and that 
subsequently the upper parts of the arches had been removed by 
erosion. Tlie graptolites. so far as is known, died out in the Silurian 
period; they were very abundant, and ranged over the oceans 
of the world in the older Palaeozoic periods. It is recorded 
that an enthusiastic amateur geologist, Mrs Robert Gray, and 
her ^mily, collected 30,000 spedmeus in the Girvan area alooe. 

The oldest rocks in the Cheviot Hills are Silurian flagstones, 
shales, and grits. In the West Riding of Yorkshire, highly 
inclined and {bided beds of the same period underlie che almost 
horizontally layered Carboniferous limestonea^at Horton-in- 
Ribblcsdale and Auscwlck near Ingleborougb die discordance 
between die rocks of these two periods is clearly shown. The 
Silurian rocks ate part of an old worn-down, elevated tract, 
comparable to chat in die Southern Uplands, which eventually 
sank beneath the sea, in which, long afterwards, che limestone 
was formed. Silurian rocks occur also in the Howgill Pells, and 
extend south to Kickby Lonsdale. 

WAUS AND TK£ WELSH fiOBDBRlAND 

Large areas in North and Central Wales arc underlain by 
Silurian rocks: at Plynlimmon they reach a thickness of 10,000ft. 
and this affords a measure of che time taken in chde formation 
as sheets of sediment on che sea-floor. Rocks of che same period 
are exposed at many localities in che Wcbli Borderland, in 
Shropshire and farther south in Herefordshire, where beds of 
hard, shelly limestone stand out as conspicuous features iu the 
landscape, for example, the limestone scarp at Wenlock Bdge,' 
16 miles loi^, from which large coliecdons of exceptionally 
well-preserved shells have been made, hi the Ludlow district 
the abundance of corals shows the occurrence of reefs built up 
by generations of coral-fbrming animals. Pebble-beds at the 
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ibot of the MaJveni HiUs, and on die castecn slopes of the 
Mendips, mark the posidon of dui^ beaches by the edge of 
the Silurian sea. Odier rods ofthis age have been disclosed by 
a boring at 'Ware in Hertfordshtfe» sunk through the younger 
sedimentary beds at die suihice, to a depth of Sooft. into a 
buried ridge of Palaeozoic rocks, vrinch is the buried prolonga¬ 
tion of Silurian beds exposed in Wales. 

Ordovician rocks are oeposed in many districts in North 
Wales and there are some in the island of Anglesey: they are 
seen at some localities to lie on the eroded sur&ce of Cambrian 
rocks, and this is evidence of discootinoiry m geological history, 
which implies that the upraised beds &om (he Cambeian sea 
were exposed to denudation be&re the sedimentary cocks were 
again submerged to form the floor of the Ordovician sea. As 
in the Lake Diserkx, so also in Waits, there was much out¬ 
pouring of lava, and scattering of volcanic ash from volcanic 
islands or Assures m die ocean-bed. Ihe occurrence of marine 
fossils in beds of lava is proof of their or^in. Cader 

Idris is in pan made of sedimenc, and in part of parallel and 
highly inclined layers of volcanic rock: ixs prominence as a bold 
escarpment is the result of resistance of the hard material to 
weathering agents. Snowdon is another block of Ordovidan 
rocks, mostly lava and ash which. In contrast to those of Cader 
Idris, are folded into a trough. One might expect to find a 
mountain constructed of arched layers of rock, and not of 
rocks bent down into a trough: W it is by no means rare 
' CO find prominent porfioos of the earth's crust composed of 
beds sloping invrards and downwards, and not upwards as 
limbs of arched folds. This is no doubt mainly due to the 
fact that arched beds are s tr e t c hed while troughs are com¬ 
pressed: the tops of the arches are more liable to fracture, 
and thus made an easier prey to the wasting acdon of rain and 
ice. Ordovidan rocks occur also at Wrekin, at Caer Caradoc, 
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and west of tlie Longmynd Hilis in Shrop^hirCr in the Brddden 
Hills in Moncgomery, in the Hereford district, at Fishguard, 
and other places. The volcanic rocks in the Prescelly Mountains 
in Pembrokeshire arc the source &om which the ‘foreign’ stones 
of Stonehenge were taken. 

Rocks of the Cambrian period also play a conspicuous part 
in the scenery of Wales: they are almost entiiely sedimentary, 
conglomerates that tell us of proximity to land, with sandstones 
and shales. The sandstones have often been converted into hard 
quattrice by the metamorphism of the originally loose sand- 
grains into a compact crystalline mass, and similarly the slates 
that were once layers of day on the sea-Hoor acquired their 
present structure and tendency to cleave under the traniforming 
influence of heat and pressure, caused by crustal disturbances. 
T^ soHtallcd Harlech dome, the vched mass of rocks in that 
district of North Wales, is an upraised, bent block of grits and 
flagstones. The slate quarries of Bethesda. and other places, are 
impressive illustrations of the enormous thickness of muddy 
sediment built up layer by layer in the course of millions of 
years, on the bed of the Cambrian sea: in a later ^e and under 
the stress of irresisdble forces, the sedimentary material became 
plastic or semi'^lasdc and the rock particles were able to adjust 
themselves to the pressure by caking po&idom at right angles to 
the direction from which it came. Cambrian rocks made of 
pebbles and coarse giit resdng on the eroded surface of the still 
older pre-Cambrian rocks in the cliff near St David’s in South 
Wales enable us to visualize the waves of the Cambrian sea 
headng against clifls that were part of some of the oldest land 
in Britain. 

SOSTE-W5SI HIGHLANDS OF SCOTLAND 

The North-West Highlands, separated from the Grampian 
Highlands by the great Glen Fault, which nxns from the Moray 
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Firth Co Lodi Lmriie» is £ r^ioo almost eutircly coostrucccd of 
rocks bdongiog CO the pre-Ombrian erft described in iht next 
chapter. There are, however, several kinds of Cambrian rocks 
intimaCcly associated, and in places, inexcncably intennixed 
with chose of pie^Oinibrian age, along the inner border of a 
narrow scrip of country, from Duruss near Cape Wrath, on 
the nordi-wcsc coast to die Sound of Sleat in the south, racher 
more chan loo m{l« in length. This strip of the North-West 
Highlands is slanted by a fault- or dimst-plane from the very 
much larger part of die Northern Highlands, where the rocks 
are of a di^erent kind, and most of them of pre-Cambrian age. 
The coastal strip, including part of die comities of Sutherland 
and Ross, is a tract of disturbed ground where che ordinal 
relatiomhip of one series of rocks to anorher has been rendered 
almost unrecognizable by moveffleot and faactndng of die 
crust on a dank scale, and fot many years geologists failed to 
discover die relative ages of the rodts in this confused aod 
fractured region. The lowest members of the Cambrian forma- 
non in this area are pebble-beds, ^n&ed by the wear and tear 
of the cliffs of pre-Cambrian land, s^iich had been exposed to 
long-coadnued erosion by rain and frost, and, at a late stage, 
CO denudadoQ by an invading sea. Over chh folded and eroded 
land che sea gradually encroached, and on its floor shingle beds, 
sand and deposes rich in carbonate of lime were laid down. The 
sandy seHitnenc was ultimately transfbtmcd into white quarczice 
when the Cambrian beds were involved in che crustal revolu¬ 
tion: this rock is In some places aoofr. thick: it contains 
practically no fossils, the qoartzite forms a cap of almost snow- 
white rock on Qmnag and other mountains in the Loch Assynt 
district and elsewhert. The altered sandy rocks are followed at 
a higher level by beds of finer, muddy sediment; there are also 
beds oniznestone of a considerable ig the Durness area 

in che extreme north. These Cambrian rocks are met with not 
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only ia ehe Assynt <listrlct. but at Loch Maree, aad Ullapool 
farther souili. The age of the beds is shown by shcEs of marine 
animals, and parriculariy by a tribbice called Olenellus which 
was discovered in 1888 in an early Cambrian bed in Western 
England, and later m the Duiooss Limestone in the North-West 
Highlands. The limestone had previously been classed as Silurian, 
and it was the discovery of the trilobite which proved its much 
greater andquiry. 

There was no lach of life in Silurian, Ordovician, and Cam¬ 
brian seas: each period had its characteristic set of species, but 
throughout the millions of years, as the water waxed and waned 
over the Hooded land, the changes in the m^or futures of 
animal life were comparatively dighc. We have already seen 
chat fishes of a primitive type abounded in the Devonian sea, 
over souchem England, and some of them occur in the Silurian; 
so fiir as is hnowo, that was the age when they made their first 
appearance in Britain. With this exception, the seas of the three 
periods contained no examples of venebrace animals: none had 
yet come into being. A very few triJobites arc recorded from 
the Eecmian, some from the Carbon,i,ferous, others lived in the 
Devonian sea, and soil more in diose of the Silurian, Ordo¬ 
vician, and Cambrian. This wholly excincr group reached its 
greatest development in dae Silurian and Ordovician periods, 
and was r^resented by a great number of genera and spedes. 
varying in size fixtm less than an inch in length, to about 1S in. 
The name ‘ trilobite' has reference to the three-lobed form of the 
body: the chitinous coat in most forms has a rather prominent 
central axis, a more or less rounded, convex rib, with a 
flattened border on each ride. The body is constructed of several 
overlapping transversely jointed s^meuts, companble with the 
joints in a lobster’s shell: in exceptionally well-preserved sped- 
mens, slendei legs and antennae have been found still attached 
to the outer case. Typical Crilobites show a threefold divirion 




XHS OLDEt EAXAEOZOIC SEA$ 


254 

m a loDgirudical diircdoo Inco a haA, 2 bo^, and a tail: 
S|)edmcm occasiopally occat In whkh the whole body i$ rolled 
up like a wood 4 ouse. Some bad large compound eyes made 
up of as many as 15,000 facets. It is not easy to assign the 
aiiobites to a precise position m the animal kingdom: they are 
probably nearer m scorpions and spiders than to any other 
bmg members of the rlas known as Arthropods, because of 
cheii possession of jointed faec. Re&renco has previously been 
made in Chapter v to anod>er esctizict group^-the graptolites— 
which were confined to the Lower Palaeozoic seas: they, as 
well as the trilobitcs, were comparaovely shor>lived; new 
species were rapidly erolved, and each lasted only a short time; 
both groups are valuable as guides to geological horizons, 
serving as trustwordiy indeX'^osfik Many of the shells and 
other hard pars of L<mer Palaeozoic marine animals appear to 
be closely allied to genera due soil east: the blvalved brachio- 
pods were very much more numerous and more varied than in 
liter periods. One of the most remarkable escamples of a 
brachiopod genns whkh lived in Cambrian seas, and is still 
living in a few places in modem seas, is Lingula, probably the 
most impressive illustcatioQ of continuity and persistence in the 
animal kingdom. 

The most interesting and significant fact that emerges &om 
a survey of die hie of the ohlest of die diree periods now under 
conadetadoo is its variety; aU the classes, except vertebrates 
which make up the population of pttsent-day oceans, had 
* already been evolved in the Cambrian period. This is con¬ 
vincing proof, or so it appears to (hose who accept evolution, 
chat there must have been a long period antecedent to the Cam¬ 
brian, during wh^ ancestral and simpler forms inhabited a 
much older se^ Unfortunately, the rocks of the pre-Cambrian 
era contain no records throwing any light on the precursors of 
the Cambrian animals. *A dme there was when life had never 
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b«n , but that dme was long before the dawn of the Cambrian 
age. The apparently sadden appearance in Cambrian seas of a 
great raulticude of animals, most of them cype$ rcladvely high 
m the scale of organizarion, means cither diac they are eiamplcs 
of sudden crcMion, or chat they were the descendants of much 
more andenc types, of which no trace is left, A most important 
discovery of Cambrian fossils was made several years ago by a 
well-known American geologist, in sedimentary beds in the 
Rocky Mountains of Canada, who found in fine-grained mud, 
upraised from the sea-floor, a large number of beautifully 
preserved shells and skeletons of a great variety of genera, 
including some exceptionally perfect trilobites, and very many 
other cxtincc creatures, together with animals closely related to 
genera and species that still exist. Among the fossils were some 
that had no hard covering, but had left clear impressions of 
their soft bodies in the muddy sediment; several seaweeds of a 
simple type were also found, Would that we could find a 
similar deposit deep down in the preCambrian rocks, and thus 
obtain a glimpse of the earlier suges in evolution which are as 
yet hidden from tu. 

What of plant life in the Silurian, Ordovician, and Cambrian 
periods? It is not to be expected chat sediments from ocean- 
beds could cell us much of contemporary lift on the continents 
on their margin. All we could expect arc scraps of plane 
carried by rivers along with their load of sand and mud: plants 
which grew on river banks, or on the fiat land of estuaries, 
widiin reach of transporting streams. A brief account of some 
of the oldest known Devonian plants, which grew on land or 
partially submer^d, was given in Clupcer XJV. A noteworthy 
fact is chat certain Devonian plane have been found in widely 
separated parts of the world, in Scotland, Norway. North 
America, South Africa. China and elsewhere; this shows 
they must have been in existence long enough for them to 
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wander 6om one end of the world's sur^ce to another, to have 
l yf n spread by wind which carried their spores—the small 
reproductive germs—by slow stages over an enormous area. 
The few plant remains ftom Silurian rocks which have been 
discovered, arc, nearly all of them, too obscure and doubtful Co 
have any sdcnofic value. A few years ago collections of fossil 
plants were made in Victoria, Australia, and fortunately some 
of them were found in close association with graptolites whicli 
were recognized as Silurian species, and therefore dated the 
rock- A detailed description of die fossils would of necessity 
be cechnical and tedious to non-botanical readers, but there arc 
certain facts to which attention may be profiubly directed. One 
of die Silurian plants is a spedcs of a genus called Zosteropkyllum; 
this closely resembles examples of the same genus previously 
found in early Devoaian rocks in Scodand, and some other 
places; it was a comparacvely small plant, not more dun about 
8 in. high; it had sl^ec, occasionally branched, leafless stems, 
which were hardly strong enough to stand erect on land, and may 
have been supported by a partial coverii^ of water in swamps. 
The upper end of the branches bore capsules containing spores 
of a kind suitable for dispersal in air rather than in water. Zostero- 
phyllym was no doubt a land plant, even chougii the lower part 
may have been in water: its name implies a resemblance to the 
Hvij^ ribbon-like marine flowering plant ZosUre, die grass- 
wrack. but there is no relationship between the two. This 
Devonian and Silurian plant is included by botanists, with some 
others of the oldest known types, io an extinct class confined 
CO these two periods. The stem was provided widi a simple 
central saand of what is called vascular tissue, that is, a group of 
very small tubes for die conducrion of water absorbed from the 
ground co other parts of the plane body; diis conducting strand 
is an artribuce of plants growii^ on land. Zostercphyllum was 
not only without leaves, it was also without roots and absorbed 
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the raw matena] m the soil by hairs. Tiicfc were other Silurian 
planes: one of them (Bera^wamOua) had much stems 

which bore crowded long and slender, ncedle-like leave, some 
of which bore at the base, close to the stem, a spore-capsule. 
Externally the plant must have loohed like some existing clul^ 
mosses (Lycopodium), especially some tropical species, more 
robust than our Briih examples. This is clearly a plant of the 
land, and a type which may well bc^oscly allied to the tall and 
more tree-like Lepidedendre ofthecoal forests. When we examine 
the oldest known plants that lived on land we have to admit 
chat they i n dicate a stage in evolution which must have been 
£u from the earliest phase of development of terrestrial vegeta¬ 
tion, For an account of other Silurian plants reference should 
be made to original sources. 

A few fossils from Silurian, Ordovician, Cambrian rocks 
are undoubtedly remains of seaweeds: some of the most con- 
vinemg are small, cylindrical and tubular stems, a few inches 
long, with many perforations marking the attachment of very 
slender branches. These are calcareous seaweeds, plants which 
extracted carbonate of lime from ihfi water and covered their 
delicate-bodies with a protective coat. The oldest known species 
of these seaweeds (A%ac) from Ordovician and Cambrian 
rocb, agree closely enough with living forms of warm seas to 
be assigned to the same group, and are striking examples of 
' persistent types which have maintained their general plan of 
construction, with only minor changes, from the Cambrian 
period until the present day. 
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Tkf End cf die Journey 

We hrte now readied the hst stage la our bad:watd joumey> 
the oldest volume, or, more co rr e ctl y, series of volumes, die 
source &om which geologists endeavour to piece together the 
fragmentary and ofren indecipherable records of the earth’s 
youth. In some ten-books (he oldest era is subdivided into 
Archaean and pre-Cambrian, the lowest arid most aodeat rocks 
being grouped together as Archaean (Greek, o’ihaios « andent), 
the upper and younger as pre-Cambdan, that is, the rocks 
immediately below diose of the Cambnan period. Many other 
names have been proposed for subdivisions of die two major 
groups, but with them we need not crmcem ourselves. It is 
prei^ble and simpler to use only die tenn pre-Cambrian in 
a comprehensive for all the rocks knows to have been 
formed before the dawn of the Cambrian pedod. Many secrets 
hidden is the rocks of diis era will never be discovered; some 
will doubtless be revealed Co fotnre iavesdgacots. Wt can, 
however, confrdently assert chat the pre-Cambrian era as a whole 
includes a pile of sedimacary and igneous rocks, several 
in thickness, and covets a period of dme perhaps twice as great 
as the tale of years represented by all the ocher eras and periods 
put toge^er. It used to be ebougbe diat some of the coarsely 
^ystalline pxe-Cambiian to^ re ferr ed to as Archaean were 
portions of the primaeval emst which soUdihed on a cooling 
molten mass, as the actoal fbundad^i-sto&es cf the world, buc 
several years ago it was fbtmd that die supposed original crust 
over a large area in C'anaA^ conld not be so regarded because 
the rocks had been introded as molten material into beds of sdll 
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older sediments Lying above them. The answer to the question 
'Whereupon were ^ foundations thereof fastened?' has not 
yet been found. Sedimentary rocks» such as sandstones and 
shales, are made of the products of erosion of preexisting rocks, 
and it is therefore clear that they could not be part of the original 
crust; they must have been produced foom an older source. 
Nncher the sedimentary rocb, nor those intruded into diem, 
could be the earfo's foundation-stones. The nature of the 
primaeval crust is dicrcfore a matter of speculation. After 
prolonged loss of heat by radiation &om the gaseous and molteu 
earth, after its birth from die sun, a solid superficial envelope 
was gradually formed; portions of this may have sunk into the 
still molten matter below, and remelted. Eventually, greater 
stability was established, and a more permanent crustal skin 
covered the cooling surface. As the temperature continued to 
folk steam condensed into water, which tilled deprossions on 
the barren foundation. The primaeval seas were tiesh. and did 
not become salt until they received chemical substances foom 
the breakup up of rocb, and decomposidon of minerals. It 
would seem reasonable to assume chat the £i$t solid crust was 
an aggregate of crystals similar, no doubc, to rocks we know on 
the world’s surfoce in the present age. 

Rocks of pre-Cambrian age are exposed over broad r^ons in 
many parts of foe world, and ic is estimated chat foey cover about 
one-titih of foe whole land-surface. One of the largest blocks 
of coarsely crystalline rocks, mainly gneiss and granite, occupies 
a region of at least two million square tyiiIw foom Labrador and 
foe 5 t Lawrence river, to Lake Superior, Lake Huron, the 
Hudson Bay district, and for into Arctic Canada: this so-called 
Laurentian Shield is the foundation of more than half of Canada. 
Ic is made up of an enonnoiis fbirlfnp« of sedimentary rodcs, 
which in the Lake Superior region reach a depth of 50,000 ft; 
also rocks of volcanic or igrieous origin 30,000 ft. in thickness. 

l7-a 
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The largest pre-Cambrian abicH in Europe, similar (o chat in 
Canada, embraces parts of Scandinavia, Finland, and the Kola 
peninsula; in Hnland, as in Canada, gtanite rocks cover a very 
la^e area where bills, roimded and grooved by moving sheets 
of ice, and hundreds of lakes are the dominant features. Green¬ 
land is mainly built of the same kind of rock now covered by 
sheets of ke, except on dw exposed coastal edge; at different 
geological periods the margins of the elevated plateau were 
overlain by duck layers of deposited in estuaries and 

shallow seas during partial submergence under tramgressing 
seas of later ^es. Odter prc-Camhrian shields are prominent 
features in Brasil, A^ica, and ocher parts of the Southffn 
Hemisphere. On a smaller scale, rocks of the same or apprcnd- 
numly the same age are exposed in die cm rial plarean of France, 
in the Black Forest, and in several odttt European counnies. The 
rounded granite bosses and the fantastic piles of grande boulder¬ 
like blocks, cut from the parent rock by the action of the weather, 
are impressiTe fracozts of a pre-Cambrian landscape in the 
Matopo Hills of Sotuh Africa, a r^ion which has been part of 
the earth’s surface almost smee the beginumg of geological 
history. It was there diat Cedi Rhodes, empire builder and 
mysde, chose bis burial place m a solitude, remote from die 
world of man, in a todc that may well have been part oflifrless 
Mother-earth. Pre-Cambrian rocb form part of the Alps, the 
Himalayas, and die other mountain ranges, intermixed with 
sedimentary and igneous material of later periods. Shields and 
Imoo ofpre-Cambrunrockseomrmro the composition of a vast 
area of the earth's sn^ce, and are accessible to investigation: 
could we bore deep enongh dirougb r^ioos where the surface 
is made of younger material, we should no doubt find a basal 
platform of coarsely crystalline granite and gneiss gmilaf to die 
oldest known rocks of die expc«d shields. 

The name pre-Cambrian era must not be falr^n to imply a 
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co&cuuous ocderly sequence of events: the er& included many 
periods which cannot be distinguished or classified with a pre- 
daon such as is possible in the later volumes of geological 
history. The reason for this is chat the oldest parts of the eakh’s 
crust have been repeatedly subjected to violent foldix^ and 
fiacturing, with che consequent overcuming and disarrangement 
of the componenc layers: moreover, under the transfomung 
infiuence of intense heat, accompanying che strains and stresses, 
many of the rocks muse have been metamorphosed beyond 
recognition. It is dierefore not surprising chat a satisfactory 
chronological classification and correlation is hardly possible. 
In the course of the hundreds of millions of years of che whole 
era, titcre were several cycles of mouncain-bdlding, separated 
by periods of relative stabUity and quiescence: volcanic accivicy 
was widespread and recuczenc; sedimentary material was de« 
posited on an enormous scale, and fiom time to time, huge 
quantities of molten matter were forced upwards fiom the 
depths and slowly solidified under che pressure of overlying 
rocks, as coarsely crystalline domes and shields that were sub- 
sequendy laid bare by erosion and denudation. In quiet intervals 
io (belong succession of rock*construction and rock-destruction, 
beds of limestone grew in bulk on sea-fioors. All these rocks 
were involved in repeated eatth-scorms. fiaccured and folded, 
and their strucoire altered by heat co such an extent that they 
lost those characteristics by which thdr manner of origin could 
be deduced. Prc-Cambtian rocks may be desetibed as a hetero¬ 
geneous complex, which by reason of their complexity and the 
fact that diey are the sources from which alone it is possible to 
picture the earliest events in the history of the earth, are of &e 
greatest interest to geologists. 

There was a time when the earth was without life, a time 
when che first living germ heralded a new birth, che trans- 
formation of a world chat was dead, and yet a world vibrant 
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wich physical ezKigy, iao a woild endowed with endless 
pocenculides which fbtmd exptf&t i on in progressive develop¬ 
ment, concurrently with occasional retrogression as age suc¬ 
ceeded age. How and when this miracle occurred is one o£ the 
secrets that will remain beyond human teach: we can only 
speculate on the manner o£ dse transformation—the greatest 
event in the history o£oor planet—and allow our imagmadon 
CO follow the Creadon of an invisible parrirle of livii^ proto¬ 
plasm in die water of a primaeval ocean. We think of germs 
vibrant with life, endowed with propeedea giving them the 
power of growth and xeproduedon: germs havuig within them 
a potendality of infinite development into more and more 
complex o^anisms, culminatiDg in man, We see in imagmadon 
some of the earliest descendants of olaat-microscopical particles 
of protoplasm, minnte aedv^y mobile imics, neither plane not 
animal, bdt members of a bordedand kingdom, living examples 
of which are well known CD biolc^ists. It is not improbable 
chat ^vi»dng borderland organisms, with attributes common to 
the plant and animal kiagdoms, may be descendants of pre^ 
Cambrian ancestors, illustrating persistence of design throughout 
the span of geological hismry, types that survived as links with 
an early stage in evolution, emMems of condnuicy and per> 
sistcnce giving us a glimpse of immortality and of chai^elessness 
unaffected by the u^ to progressive development. From a 
stage in the pre'Cambrian era undl the b^innxng of the Cam¬ 
brian period, when the seas were inhabited by myriads of 
animals of many lands—not only ample forms of life, but 
others already relatively complex—die unfolding of life must 
have been a gradual upward progress firom the infinitely small 
to forms in which complexiry was an expression of division of 
labour, and increasii^ spedaHzation of function. Between the 
Cambrian animab and the tmloiown ancestors of the groups to 
which diey belong we are bound to assume a wide gap in dme, 
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suffidcnc (ot the operation of cvolutionaty processes, a gap 
which could be : 61 ied had the interYenmg forms been preserved. 
Unfortunately the oldest known sedimentary rocks tell us 
norhlng of any real value of the long procession of living things, 
hath animals and plants, which passed across the stage in the 
loi^ interval separating the dawn of life from the early days 
of the Cambrian period, when evoludon had reached an 
astonishingly high level. Several fossils have been described 
£rom pre-Cambriaxi rocks, some no doubt the remains of 
animals of the sea, but they afford very litde informadcin, others 
are of very doubtful origin, possibly organic, and perhaps more 
probably inorganic structures simularing animal or plant forms. 
Beds of graphite, almost pure carbon, in the State of New York, 
in Finland and elsewhere, may be comparable in origin with 
of coal ia a more advanced stage of alteration of plant 
znaterial: they have yielded no tecognuable fossils, buc may 
perhaps be accepted as indirect evidence of plant Hfe. 

It would seem reasonable to suppose that when the earth was 
young the climate was much warmer chan it is to-day, also 
that ^e wrinkling and folding of die crust decreased in violence 
as the loss of intense heat continued. ‘We know little of the 
climatic conditions in die earliest periods, but we do know that 
bouldei-beds, comparable with those of the last Qladal period, 
were discovered in the province of Ontario in Canada, a fact 
which makes us realize that even In the pre-Cambrian era the 
climate was not everywhere tropical Ic was pointed out in an 
earlier chapter that old view of a gradually cooling earth 
has been substantially modi£ed since the discovery of radio¬ 
active elements from which fresh supplies of heat are constantly 
ying released. 'While there is good reason Co believe char the 
ebb and ffow of rides was on a la^er scale in the pre-Cambrian 
era» when the distance separating the moon from the earth was 
less than it subsequently became, we are not justified in assnmin g 
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that on the whole the factors condldonmg rock-destnicuon and 
rock-building were oaa very different scale from chose operating 
in (he world as it ia. 

We pass now CO a brief description of pre-Cambrian rocks 
in the British Isles. Caking Scocland tint, as ic is there chey occupy 
by ^ the largest area, and afford the fullest information. The 
greater part of the country north and north-west of the Great 
Glen Fade, from the Moray Firth to Loch Unnhe. is built of 
pre-Cambrian rocb; in a few discrlcta, especially in the norch- 
eartem comer, and south to the Moray Firth, Old Red Sand¬ 
stone rocks are exposed at the surface. The Eord-indented 
coastal scrip ffom Loch BriboH in the north to the Point of Skat 
in the island of Skye was mentioned in Chapter T, p. 7a; the rocks 
of this North-West Highland belt are pre-Cambrian, Cambrian 
and OrdoYkian. Ic is separated by noich-co^uth ffactures 
ffom the rest of die Scottish mainland; the most important is 
known as the Moine chrusc-plane, a line of &acrure inclined at 
a low angle separating the Nortii-West Highlands ffom the 
region to the east where the rocks consist of a complex mixture 
grouped together as the Moine Schists because layered glistening 
schists—products of intense metamorphic action—make up a 
large proportion of the whole. Similar rocks cover much of 
the Highland moorland between the Great Gies Fault and the 
approadmatcly parallel Highland Boundary Fault which runs 
from Stonehaven, south of Aberdeen, to the Hrch of Clyde and 
across the island of Arran. Many of the highest mountains of 
the Scottish Highlands ace made of schists and other pro* 
Cambrian rocks. Schists are readily recognisable by the lighfa. 
reflecting flakes of mica scattered over the surface, by the 
tendency to split into layers, the smoothness of the layers and 
the frequent bending of the thin slabs into small folds. These 
rocks arc sediments which have acquired a crystalline structure 
through metamoephism; they are not ^cous in origin. The 
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precise age o (the £astem or Moine Schuts the accompaayi:^ 
rocks is soii unsettled, the view in most iavour is chat ihey are 
h^bly altered pre-Cambhan sedimoicary beds, chough some 
may be CatnbiiaiL Lack o£ fossils is one of the difficulties in 
che way of assigoing the complex to a definice posmon in the 
geological table. No attempt will be made to discuss che keenly 
debated pcoblems raised by che socks which give to the Gram¬ 
pian Hills and ocher Highland districts the ru^ed beauty of che 
aweinspiring scenery; they are not che oldest rocks in Scotland 
though many of them are most probably much older than those 
upraised &om the Cambrian sea. 

The foundation-stones of Scodand, that Is, die oldese and 
lowest part of the crust accessible to us, are mainly gneisses, 
banded rocks nTnilar in composldon to granite. It is not always 
easy to (hsdnguish a banded gneiss with its %hc and dark layen 
(tom a sedimentary rock made of material-quartz, felspar, and 
mica—derived horn the wear and tear of granite and other 
crystalline rocks of igneous origin. Some rocks chat have been 
called gneiss and believed to be igneous are, in fact, very highly 
altered beds of sediment. On che ocher hand, many gneisses 
were produced on the cooling and cryscallizacion of molten 
material, thrir characteriscic banded structure having been super¬ 
induced by the How of che componenc minerals in response to 
pressure whkdi converted a solid mbanded mass into a typical 
gneiss by rendering it plastic enough co admit of movement of 
the constituent crystals. Comparison has been made of the 
layered scruccuie of gneiss with the wavy, curling lines of foam 
64 queady seen on the sur&ce of a pool at the foot of a waterM, 
where gentle eddies leave thdr impress in che arrangements of 
che foam and bubbles, 

Pre-Cambrian gneissic and granice rocks are cbe chief com¬ 
ponents of the Outer Hebrides, from Barra Head to the Butt 
of Lewis, che western outposts of Europe. Harris, Lewis and 
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the smaller isl g^ are the wonwlown rooB of a moun tain range 
on a condneaC of whidi only dismembered fragments remain. 
Stepping from the ofa smamer on to die island ofLewis, 
a Tisitor who knotvs nothing of geolc^ misses the thrill 
experieoced by (hose who read sermons in stones: the smooth 
contours of die roonded KiHoAc speak with no uncertain voice 
of the unmistakable £nger-pnnts Idt by a thick overridij^ 
sheet of ice in the last Gladal period. Turning from iht record 
of the Zee Age—an event of yesterday in die geological sense— 
to die solid rocks themselves, we are tramported to the very 
beginnii:^ of die earliest chapter of eatth-history of which any 
pages remain; we on the edge of a condnent now repio- 
sented by partially submerged remains of what was once a 
far-Eung 1 ^>t>^ , a lap>^ that was in all prohabilsty uotenanted by 
any liviz^ thii^, an empty stage eet for dw drama of lift. The 
Outer Hebride^ cocks ace practically the as diose which 
compose the main part o£ the laurentian shield on the ocher 
side of the Atlantic. Ice-wom blocks of the same Morth 
American shield are conspicuous cdijects in Central Park in die 
heart of Hew Yo^ City. At some localities on die shores of 
Dlsko Island, off the west coast of Greenland, and over the 
ivhole of Bnland, predsely die same coarsely crystalline rocks 
ve exposed. 

Travecang the deep barrier of sea on the east of the Outer 
Hebrides, the Pre-Camhiian rocks are seen in Iona, Coll, 
Tiree, Islay and odier islands of the Inner Hebrides. Parc of the 
island of Skye is made of the same rocks, and they bring ns into 
couch with the larger area in die North-West Hi^ilands, where 
they can best be stedied more closely. It will be convenient to 
consider together two groups of the oldest blown rocks: a group 
in which gneiss plays a dominaiu part, gneiss that has been called 
lewisian from the island of L«wis; also a yonnger group known 
as the Torridonian series, because it is well displayed in die Loch 
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Torridon district. Both these groups have been most diotougbly 
invesdgaced in the coastal scrip from Cape Wrath and Loch 
EriboU to Shye, bounded on the east by the great Moine thrust- 
plane. The Lewisian gneiss is seen in the high vertical ^ce of 
Cape Wrath, where dark bands of an intruded finer*'graiDed 
rock are a conspicuous feature: this gneiss is the rock of the 
rounded downs and the ridges &oni Cape Wrath to Loch 
Torridon; it is seen also in the LochMaree district, at Lochinver, 
and many other localities on the mainland, also in the idands 
of Bona andBaasay. The Torridoman series is entizely difierent 
in origin; it is made up of several thousand feet of coarse and 
Ene-gcained layers of sedimentary material, in contrast to the 
crystalline Lewisian gneiss. The Torridonian rocks arc wide¬ 
spread in the North-West Highlands; they are the masonry of 
many mountains Eom the north coast to Gairloch, Applecross 
and Skye. It is these rocks that are responsible for the wild 
mountain scenery south from Loch Maree. At several places in 
rise Norch-Wesc Highlands, the two groups of rocks—riie 
Lewisian and the ToiridoniaiL—are seen in contact: the gneiss 
forming hill< and valleys of the oldest laud in the British Isles, 
the Torridonian beds lying in horizontal sheets on the irregular, 
eroded surface of the gneiss. Though the two series are in contact 
they were separated in rime by a long interval during which 
many scenes were enacted. At one time enomous piles of 
Torridonian rocks were spread over the whole area, completely 
hiding the much more ancient Lewisian gneiss; their present 
occurrence on isolated hulls, separated by valleys, is rise result 
of the gradual wearing away of a once conrinuous plateau, of 
whlt^ they were the upper courses. The Totridoiuan rocks are 
mainly composed of an aggregate of material derived ^m 
granitic axxd gndsric rocks by ^ eroding action of agents of 
destruction, mostly large and small pieces of quartz and frag¬ 
ments ofielspar; they are sedimeacs riiat were probably deposit^ 
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u sluilow water, and hO doubt in part on a land<^iuiace. There 
i$ evidence chat at least during pare o£ the Torridonian age the 
dimate wa$ cold and dry; the fresh condition of the frUpat 
suggesD lack o£ moisture which would have hastened decay and 
disintegTatioQ: pebbles have been ibuod which have smooched 
flat free meeting at a clean-cut zidge, a form frmillaz in wind¬ 
swept deserts. Pieces of Tomdonian rock might easily be 
mistaken for a rather tine-grained granite, which they super- 
tidally resemble, and tins is not surprising; the sedimentary beds 
are made of the debris of granitic rocks. More careful examina¬ 
tion shows that the grains of quartz and other minerals do not 
form a crystalline mass in which the particles form a connected 
dovetailed complex, as in rocks of Igneous origin, but an aggre¬ 
gate of separate units. There are also conglomerates of water- 
worn pebbles, breccias of angular stones cozaparable witii screes 
or other rock debris formed on land and not in water. With 
these are beds of shale, muddy sediment of rather deeper water. 
Pits on the surtiice of the finer-grained layers are e^ence of 
rain-storms, and cracks due to shrinkage suggest muddy beaches 
exposed to strong sunlight. The Torridonian rocb were de¬ 
posited from riven, at swollen by flood-water, at times 
flowing with reduced momentum, sediment spread over sub¬ 
merged valleys and around the b»ll< of lewisian gneiss, until 
they covered the whole region. As the years passed, the land 
rose above water-level and rock-destruction took the place of 
rock-building; the ground was carved into valleys and 
as the padi of tivers was determined by lines of wesimess and 
least resistance. Thus was fashioned out of the upraised tableland 
the awesome mountain grandctir of the Norda-West Highlands, 
The removal of the horizontal sheets of Torridonian rock laid 
bare portions of tiie old Lewlsian landscape as It was before 
submergence and tiie deposition of the detritus spread as a 
concealing mantle over the buried gneiss. Gasing at tbe rounded, 
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weatKet* 4 >e 4 ten of Lcwmas rocks. 9 CiIi partially enfolded 
by the Tomdonian covering on the flanks of Quinag (2*553 fk) 
and other Highland mountains, we are ^ce to with a scene 
chat was typical of a very eariy stage of the Pre^mbrian era; 
we are privileged to see revealed the reconstruedon of a land' 
scape taking us back through at least a thousand million yean, 
to the oldest known land in the British Isles. 

The upper pate of ^ sunumes of other hills 

are ffla*le of a cap of white Cambrian rock, a metamor¬ 
phosed sandy sediment which was deposited oyer the Toni- 
donian beds of coarser texture, after they had sunk below the 
waters of an encroaching sea. fUference has already been made 
to the gigantic scale of the physical &rces which caused 
devastation and confusion in die rocks of the North-'Wesc 
Highlands after the Cambrian period. Thousands of feet of 
kewisian, Totridonian, and Cambrian rocks were ixivolved in 
the debacle; huge portions of the crust weie rent asunder and 
moved bo<^y along lines of &acture a distance of many miles, 
eventually coming to test as overthrust blocks, older rodcs lying 
on youi^er rocks. Slices of Lewislan gneiss, more than 1000 ft. 
in thickness, now rest on overturned sheets of Totridonian 
sediments. Beyond the Moine thrust-plane, on the eastern 
border of the western coastal strip, die eastern schists beneath 
the moorlands of the Central Highlands were also implicated 
in diis terridc storm among the rocks; their complex structure 
has not yet been fuEy interpreted, and we leave them as a 
problem that will long continue to stimulate die u^emiity of 
geolc^ts. 

Pre-Cambrian rocks, gneiss, volcanic lavas and ashes, and 
sedimeoury beds occupy a large area in Anglesey; they are 
exposed also in Holyhead mountain (7Z0 ft.) and form a rocky 
rise from Baz^r to Caeroarvon. Rocks of the same era are 
yggn in the Wtekin, and in the near $t David’s in South 
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Wales. They build the higher ground of Chaxnwood Forest; 
they occur at Nuneaton, the Malvern and lickey Hills; in the 
liizaid peninsula, Kyuance Cove, and other localities in Coro- 
walL The precise age of dse rocks at Kynance Cove, and other 
places on the xvildly beautiful Cornish coast, has not been 
definitely setded; they are certainly early Palaeozoic, and prob¬ 
ably in part pre-Cambrian. For the most part pre-Cambrian 
rochs of England are buried below sediments of later periods, 
where they lie £ir beyond our reach as the conrimiadon of the 
Archaean platform which was the foundation of the whole 
superstructure of the world. 
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Fig. 10. Secdon cf pre-Cambnui and Caznbiun rocks m che North-West 
HigUuids cf Seotlaad. A, pre-Cambrua gnoss; 3 . Toxridonun beds; 
C» Cambriaa strata; D, dykes k the gneiss; M. Moine schists;rr^, ihrvst- 
planes;/ htolt. 

The end of our journey is reached: passing hurriedly through 
a vertical section of the earch*s crust many miles in depth, sedi¬ 
ments raised &om the floors of seas, estuaries and fresh-water 
lakes, beds of lava and volcanic ash, great mounds of granin 
and other rocks, slowly solidified from melted matter which 
had Pirelled upwards firom subterranean sources; all these and 
many other l±ids are the components of the mosaic of which 
djiC land sur&ce is made. The azoles of inclination of rocks, 
their varying power of rcascance to Nature's cutcbg-tools, are 
Actors which have helped to make the British region famous 
for its unsurpassed range and diversity of scenery. As we 
descended &om more recent to successively older layers of the 
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cnut, glimpses were obtained of tHe moving panorama of liie 
on land and in the sea, of the age-long procesuon of changiz^ 
companies of actors. At lengdi we reach the longest and the 
oldest chapter of die eardi’s history, we are in a world where 
life began, a world in its physical environnienc, in its relaoon 
to the forces of Nature difiering bat little ^om that in which 
we live, a world warmed by the sun, uzider the fcarna canopy 
of sky by day and the same scar-lit dome at night. 

‘That whidi hath been is now.* We have voyaged over 
strange seas, gathered scraps &om the litter of woodland and 
forest chat gave colour to changing landscapes; we have exploit^ 
'die stormy bases of the world* and 'die dust of coaanents to 
be*, To our viaon has been given a greater power of penetra- 
tion; we have read a little of che Epic of Creadon and, little 
though ic is, we have been brooght nearer to a petceptioa of 
(he indnite. 




CHAPTER Xm 


The Procession of Life 

References m feregoiiig chapters to a few animals and plants 
discovered in rocks of different periods barely touch the fringe 
of a large and important section of geological history. In this 
chapter some repetirion is inevitable: my aim is to give a general 
account illustratu^ the kind of infecmaaon furnished by fossils 
and its bearing upon the history of life and the problem of 
evolution, so fu as that is possible in a few pages. The history 
of the earth embraces a survey of physical as well as organic 
evolution. As Field-Marshal Smuts reminds us, the difference 
between the physical and o^anic worlds is a difference between 
two kinds of activity: intensely active matter and life overlap. 
The ambidon of geologists is to reconstruct die background'at 
successive stages in the earth’s development, and the procession 
of life dirough the ages. An adequate treatment of die pro¬ 
cession of life as revealed by fossils would involve the co- 
operadon of many specialists and excursions into technical 
hyways of botanical and zoological science. All that is attempted 
in the following pages is to make acquaintance with a seleoed 
number of the ghosdy companions encountered by those who 
endeavour to follow the onward sweep of life as recorded in 
the depths of the earth, and not least to emphasize the feet that 
’Nature in all its richness* can only be appreciated when to 
knowledge of the present are added the memorials of the past. 
FoadJs hammered out of a rock attract us by their antiquity; 
they speak to us as messengers feom seas and lands of other days, 
and help us to decipher Nature’s manuscripts. Readers wishing 
to blow more of an exceptionally fesdnating and feuitful 
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subject may perhaps be persuaded to eartend their enquiry by 
reading books on pakeontology and, it is hoped, fbUow the 
example of many amateun to ^vhom geology owes a great 
debt, and apply themselves to an intensive study of 3 selected 
family or genus of animals or plants. 

In many classes of animals, and in certain classes of plants, 
excincc types eaxeed in variety and number those that still exist. 
In order to interpret fossils, and assign them as ^ as possible 
to their respective places in the animal and plant kingdoms, die 
first essential is to study the living, in order to be qualihed to 
distinguish between exdnct types which cannot be accomm^ 
dated in any subdivision of the two kingdoms based exclusivdy 
on living forms, and those that can be matched with related 
types in the present. The publication of the Origin of Species in 
1859 gave a tremendous impulse to exploration of the rocks in. 
search of evidence of the truth of Darwin*s theory. Facts 
relevant to the problem of evolution are obtained both &om 
the study of living o^anbms, and more especially fiotn animals 
and plants of former ages. One result of the revoludon in 
thought caused by Darwin^s book was a recognition of the 
importance of a more thorough knowledge not only of adult 
animals and plants, but also of cbeir embryolt^, that is. the 
branch of biology concerned with the stages through which an 
individual passes in die course of its development from a single 
cell—die ferdliaed egg—to maturity. Bmbryological research 
has shown that all the vertebrate animals {backboned animah), 
though d ifferiog widely in the adult state, have more in common 
in the earlier stages of their development: embryonic characters 
which are transitory, and no longer present in the adult, have 
been recognized in fully developed exdncc animals, a £ict 
pointing to the survival in the embryos of existing genera of 
primitive features characteristic of mature animals of former 
epochs. One example of an embryolo^cal character having a 
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direct bearing upon relationship is ch« discovery of gill-slics oc 
traces of slits in the immature forms of all classes of vertebrates, 
an indication tliat certain animals, now without gills In the 
adult state, were evolved from aquadc ancestors. Another 
instance of l^hc thrown by embryology on descent is fjmished 
by birds: several extinct birds which lived m the Mesozoic era 
had well^cveloped teeth; living birds have none, but in embryo 
parrots and ostriches faint dental ridges seen in the embryos are 
vestiges of a character possessed by extinct birds and now only 
reflected in a transitory survival or memory of the past. It is, 
however, to fossils, to remains of exdnct types, that the final 
appeal for evidence must be made. 

The classificaaon of animals and plants given in textbooks 
is based upon existing forms of life: the ultunate aim of botanists 
and zookigisis is so drav? up cUsHflcadcQs which express cela- 
aooahips and a|^oach as dose as possible to the ideal of natural 
dassiflcacona, in ouiirast to artificial systems that serve primarily 
as aids to the recognition of the several fu 3 iilie$, genera md 
species. Mammals, the highest and most highly specialized 
animals and the present dominant class, amphibia, reptiles, 
birds, £she$, and other classes are characterized by well-deflncd, 
disQfiCdve features, and it is not surprising that cliey used to be 
regarded as so many unconnected and separate creations. After 
general acceptance of the doctrine of evolution as a working 
hypothesis, attention was focused upon a search for connecting 
links between one class and another. The search for truth— 
cynically defined as the hypothesis which works best—was 
sdmulated. Missing links are soil being sought; a few, bat ct^y 
a &w, have been found. Were it possible to restore the past, to 
have before n$ a r^resentadve collection of the animals and 
plants of all mne, we should be m a poskicn to read Nature’s 
secrets and to fl:)llow the unfolding of hh from one age to 
another. This ideal will never be reached. One of the greatest 
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obstacles con&ondfig searcliers afuc cooncctizig links is, as 
Darwin fully realized, the imperfection of the geological record. 
Knowing something of the physical history cf the earth, recur- 
rentconvulsions, cycles ofmountain-building andflooding ofthe 
land by tran^ressing seas, we are compelled to admlc that there 
must have been wholesale destruction of the records of ancient 
life. The fossils available to us are, of necessity, a very small 
fraction even of such animals and planes as possessed coveriz^ 
or hard parts ^vouring preservation. Most fossils found in 
marine sediments are shells of the calcareous skeletal framework 
which furnish pardai clues to the nature of the soft parts, though 
of die actual bodies seldom anything remains. As one would 
expect, impressions left by soft-bodied animals on lock-surfaces 
are very rare: among the few that are known, a clearly defined 
impression of a jelly-fish on a rock of Lower Palaeozoic age is 
a striking example. Pemains ofland animals axe often preserved 
m abundance and in good condidon, but apart fiom the bones 
there is little else. Turning to plants, it is oniy when their 
remains have been petrified chat much can be learnt of their 
anatomical characters; the vast majocicy are pre ser v e d with 
little or no struccuie. Rocks contain many undiscoveted 
treasures which future search may bring to i^ht, but there 
will always be rocks beyond our reach and there will always 
be gaps in the story which remain unfilled. What then has 
been contributed by fossils to a better understandh^ of die 
history of life? 

One of the most interesting results achieved by an examinadon 
of Nature’s sx>oIogical museum and the herbaria of the rocks 
is the discovery of many animals and plants of a type now un¬ 
known, members of ezdnet classes, groups md femilies. Some 
are transidonal or, more correctly, generalized types in whkh 
are combined, in a single animal or plant, characters no longer 
met with In assodadon but dismbuted among genera or species 
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bebngii^ » different groups. These generalued types in some 
instances are accepted as evidence of the common origin of 
groups which now retain no such relics of descent from one 
ancestral stock. Some of them point the way to progressive 
devcbpmcnt; others lead only to a cul-de-sac where they are 
‘wiped out of the book of the living'. 

Reference was made in an earlier chapter to fossil skulls and 
other bones which lend support to the derivation of Mffrrte 
sajjiens from ape-like ancestors: bones of early man arc rare, 
partly, no doubt, because in those days man was a very rare 
animal. Fossils of flesh-eating (carnivorous) animals, such as 
Ugers, lions, hyaenas, and many others, afford some indication 
of a possible link between early carnivores and whales. One of 
the most familiar instances of fossils throwing much more light 
on the course of evolution than could be obtained from Uving 
alone is die series of exdnct Terdary genera leading up 
through carUer forms to the modem horse, showing a gradual 
reduction in the number of toes from the primitive Eocene 
horse, a relatively very small creature with five wdl-dcvcloped 
toes, through intennediate types culminating in the presently 
singl^toed animal which still possesses two additional, small and 
useless spline bones, vestiges reminiscent of a three-toed ancestor. 
Fossil bones have furnished much information on die early 
history of elephants, camels, the hippopotamus and other 
veitel^tes: they show that these large animals had compara¬ 
tively diminutive precursors: it has been possible to trace the 
successive steps by which elephants acquired their trunk—not 
by the method ingeniously envisaged by Kipling—and other 
distinguishing features. 'Ihe modem South American sloth, 
a peculiarly letha^ic beast apparently content to spend most 
of its time between meals suspended upside down on the branch 
of a tree, had forbean such as the exdnct giant sloth (Me£a~ 
therium) from the Quaternary Pampas of South America, a giant 
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which lived oa the groutuJ, supporiug itself on massive hind- 
l^s and Si subsuntial tail and ics short fore-limbs as arms 
with which to reach the boughs of tall trees. 

Much light has been ^own by fossils on the past history and 
evolution of birds. The famous ArchtK^pteryx was discovered 
many years ago in the finegrained Lithographic Slate of 
Bavaria, the scone used by lithographers, a sedimcDcary bed of 
Jurassic age: dus creature, about the SL2e of a pigeon, bad 
feathered wings and a lizard-like tail with feathers; it had also 
ttech. Arehaeopieryx was probably incapable of flight and used 
its wings for gliding from trees to catch fish in the water below. 
It has been pointed out chat the young of chehoaenn, a primitive 
bird of British Guiana, climbs ttees from which it swoops upon 
its prey, The Jurassic genus is parricuiarly valuable as evidence of 
relationship between birds and reptiles. The Aptejyx (kiwi) of 
New Zealand is an example of a living willed but flightless 
bird, also the ostrich. 

The class Mammalia, including man and the largest living 
animals, occupies a position in the aiaimal kingdom corre- 
spondii^ to that of flowering plants in die plant kingdom. 
A lower jaw with teeth, belonging to a small animal discovered 
in the Jurassic Stonesfield Slate of Oxfordshire, is one of the 
earliest examples of the class, an advanced guard of a race that 
was desiined to achieve domination in the Tertiary era. It has 
also been proved that reptiles, now relatively small, were pre¬ 
ceded by a very large and varied company of animal^ which 
swam in Jurassic and Cretaceous seas. The most ancient reptilian 
remains are from rocks of the Permian period. One of the most 
interestii^ examples of an extinct Cretaceous and Jurassic reptile 
is the well-known Pterodactyl^ die finger-winged creature (see 
Chapter x, p. i8o); it was l^e a laige bat in having wings that 
were not made of feathers. Some of diese winged creatures 
were about the size of a crow, odiers were larger; they were 
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gliders and did not fly by flapping die wings. As John Thomeley 
of Cambridge says: 

Though it could not boast of beauty, and it did not care to sing, 
In the eye of evolution ic*s an interesting thing. 

A remarkable instance of contiasts between past and present 
animals is flirnished by the discovery in several parts of the 
world of a varied assortment of Dinosaurs, exdnct members of 
the class Kepdlia (Chapter x). They have been traced as hr 
back as die Permian period and died out in die Cretaceous; 
they reached their greatest development in size and number in 
the Jurassic and Cretaceous periods. Some of the earliest 
Dinosaurs were small, little la^r than a cat, but in the course 
of the latter part of the Mesozoic era they surpassed in size all 
other animflU of the land, bodi recent and ezdnet. The genus 
Diphdocus (that is, double-beam, so called because of two bones 
which protected die blood-ve&sels in its hind-quarters when the 
. long tail was being dragged alo:^ die ground) was a gt^nf over 
80 ft. long; like most of its kind it was a vegetarian. The largest 
flesh-eating Dinosaur, Tyrannosaurus, discovered with several 
other genera in Cretaceous rocks in North America, was nearly 
50 ft. in length; its head over 4 ft in length, its jaws set with 
shaipH^dged teeth. In size and shape Resembling mammals, they 
were structurally reptilian, and it is interesting to note they 
possessed characters now found in both birds and mammals. 
Many were armour-plated like mechanized cavalry, provided 
with large shield-Hke excrescaicos and horns comparable to 
the very much smaller hooded cu^rowdis on some easting 
scaly lizards. In addition to skeletons, a few mumnai£ed speci¬ 
mens showing the actual ^kin and a number of eggs have been 
discovered. Dinosaurs wallowed in swamps, or pottered 
clumsily over land; huge in body, they bad ridiculouiy small 
brains; a dinosaur heavier ^an an elephant had a brain esd- 


THB PROCSSSIOM OP UFB 


279 

mated co we^h zi oz., approximately chat of a chree-weeks-old 
kitten. The rep^ I^uaruidon, mentioned in an earlier cliapcer 
(Chapter x), war discovered more chan a cxncury ago in a 
Lower Cretaceous sedunentary bed in Sussex. These and other 
exdna reptiles, which disappeared before the Tertiary era, bad 
been able to wander over a vast region of the world, tiom 
Scotland to South A&ica and the American continent; their 
Mure to survive was, no doubt, in part due to their inconvenient 
bulk and the wholly disproportionate development of brain. 
Thomcley*s uncomplimentary tribute to these momcers is some¬ 
thing more chan a poet*s £mcy; 

There were large and lumpish lizards in that old and foolish 
time, 

Wldch led a dull existence in a sort of slushy sUme, 

Witii the maximum of body went the minimum of mind, 
When iht rest were romping rorward> they came rumbling 
on behind. 

They may pass as early efforts, but they did not run co brain, 
So Nature swept them all away and sec to work again. 

In the swamps and lagoons of the Coal Age d^ most highly 
developed backboned animals were related to existing. sala¬ 
manders. members of the class Amphibia. Some of them were 
covered with hard armour-like plates like crocodiles and aUi- 
gacors, but they were not reptiles; tiiese had not yet been evolved. 
There were no birds in the forests: the only flying creatures 
were insects such as dragonflies, and cockroaches crawled among 
the herbage-^forms distantly related to Hvieg species. The oldest 
fishes ace fiom Ordovician and Silurian cocks, genera with a 
canilagmous instead of the Jointed bony backbone of late types, 
a cough outer skin with knobs and protective plates, some with 
large and broad swimming paddles in place of the mote e£denc 
fins of modem fishes, which swam in Jurassic and later seas. 
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Some Palaeozoic geaen, thougli bearing little resemblance to 
the ordinary living genera, are remotely connected in certain 
characters wick the most priniitive examples of the class that 
roll exist; the Port Jackson shark of Austrahan waters {Cestrih 
cIm), the mud-£sh (Cerclodus) of Queensland, Lepidosireti of 
South Amecica, and ProtopUrus of Aiccan lakes ace surviving 
rdics of groups that were abundantly represented in the Old 
Red Sandstone lakes. 

What, it may be asked, is the sdenrihe value of the i^ts 
gleaned &oin fbsnls ? Many fossils cooiinn suspicions of rela¬ 
tionship between sections of the animal world based on a study 
of livu^ forms and fumish a convincing evidence of ahinity; 
(hey strengthen belief in the fundamental prindple of evoludon. 
In contrast to the isobted and rare examples of links with the 
past which have persisted ;to the present day, &e diversity in 
sizevtn design and external appearance of the numerous extinct 
types enable us to picture animab of far-ofT ages in the heyday 
of their vigour when they dounshed over wide regions on land 
and in the sea. Diversity was shown by the range in form and 
structure, an expression of rapidity of development of spedes 
a&r spedes, an uncoosdoiu striving a^r an ideal chat was never 
attained. In these difierent types, dificreot and yet rebted, we 
see examples of Nature's experiments, a groping after somethis^ 
higher and more permanent, which seem to us to have been 
bilures. There are, however, indications that bom some of 
these apparent bilures were evolved new plans of construction 
M^iich, in course of dme, were firmly escabluhed and, as progress 
continued, became the basic characters of a new and more 
successful line, for exampb the evolution of manunab which 
ultimately ousted Dinosaurs fiom their pride of place. 

A similar chronicle of success and failure is furnished by 
animals belonging to the MoUusca, one of the subdivisions of 
thelnvereebraca,thacis, bckii^ a backbone, sob-bodied creatures 
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of ttt and land, most of them protected by sheUs. Mecdon has 
previously been made of the past history of Nautilus, a genus 
still living in die Indian and I^ad£c Oceans; also to the wholly 
extinct Ammonites, with spirally constructed shelb, in some 
forms more than 6 in diameter. The great variety and 
abundance of Ammonites in Jurassic rocks—the period m which 
they reached the peak in development and distribution in world 
seas—is proof of rapidity of die evolution of new forms. There 
is reason to believe chat the spiral construction of die chambered 
shells of Nautilus and the Ammonites was preceded by an earlier 
rype In which the chambers were arranged one above the 
ocher within a sl^hdy bent or perfocdy straight containing 
wall: the straight forms are common fossils in earlier Palaeozoic 
rocks. 

A passing reference was made in an earlier chapter to two 
classes of aftimaU in which the soft body is enclosed in two 
closely dcting shells, the much larger —Lamellibranchs 

(pbced gills), including oysters, mussels, cockles and many 
more common bivalves, and the much smallei and quite 
unrelated class, the Brachiopods, often called lamp shells because 
of a similarity in form, in side>view, to an old Roman lamp. 
Though superddally not dissimilar, the two classes are dis- 
anguished by several well-marked features. In a lamelhbranch 
the two valves are as a rule substanually equal, they are right 
and left in reladon to the body and there is np aperture in the 
shell for a stalk of attachment to the sea-floor. In a brachiopod 
the two valves are obviously unequal, one projecting in the 
apical region over the other and perforated by an apetture to 
allow the prolongation of part of the body as a stalk anchoring 
the animal to mud ot sand. Brachiopods are exclusively marine; 
some lamelhbranchs Uve in foesh water, e.g. the flesh-water 
mussel- The two groups illustrate an interesting revenal in 
abundance when we compare flreir histories: there are now 
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about 160 spedcs of brachiopods and, among them, the genus 
Lingula which burrows into the floor of shallow seas. Lingula 
is a striking example of persistence and conservation: this genus, 
now comparativtly rare, lived in Ordovician seas and has con¬ 
tinued until the present age with little change. In ancient seas, 
brachiopods played a prominent part and were represented by 
hundreds of spedes and many genera; on the other hand, 
lameliibranchs, now very common and widely distributed, 
were formerly mudi less abundant than brachiopods. The 
position of the two classes has been reversed. A notable 
example of a persirtent lamellibranch is the genus Trigonia 
previously mentioned as a common Jurassic bivalve; it is still 
found off the coasts of Australia. Another conservative genus, 
not a bivalve but an animal with a single spirally grooved and 
tapered diell, is ?le\tratomar\a, common in early Jurassic seas, 
less common in Silurian seas, and represented by a few living 
Species. As Dr Bather said :' Pieurotomeria seems to have found 
a nook in creation which just £ts it.’ These and other survivals, 
often rare and bordering on exciziction, are like echoes ffom 
vanished worlds. 

The study of extinct members of flic large class Ardiropoda, 
including insects, spiders, scorpions, lobsters and other groups, 
has revealed many contrasts between the present and the past. 
Eoiypcerida, briefly described in an earlier chapter (Chapter xiv), 
have not been recorded £ccm rocks later than the Carboniferous 
period; they were plentiful in Old PcA Sandstone lakes and 
have been traced as &r back as the Cambrian period; some of 
them were as much as 9 to 10 ft long, scrange-looking creatures 
with an armoured skin: they may be compared structurally 
with scorpions, but they lived in water. King crabs {Limulus) 
are not related to crabs; they may be described as a kind of 
aquatic scorpion, which, in appearance and habits, are among 
living animals the nearest to eurypterids and criiobices. Trilobkes 
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iuve already been described (see Chapter xv); these early 
Crustacea, crawlers on sea-floors, were represented by more 
chan 300 species in Cambrian seas and some of them were more 
chan a foot long—the largest of their kind; they occur in the 
older Palaeozoic rocb aE 07 ec che world. 

Two marine animals familiar to those amo:^ ns who pick 
up shells on sea-beaches and look into rock*^ools—che flat- 
bottomed globular shells of sea-urchins made of radially dis¬ 
posed calcareous plates, and che soft-bodied colourful sea- 
anemones—ace examples of ccvo classes that have existed through 
many stages of geological hkcory. Sea-urchins, as we have seen, 
left many well-preserved shells and detached spines in che 
English <^alk: there Is not much difTerence in die general plan 
of construcdon between genera from Jurassic and Cretaceous 
rocks and chose chat live in modem seas. The group is one of 
many chat'lived vigorously through many ages, continuing to 
produce new forms and showing Uctle sipx of decadence. Sea- 
anemones are iJl-adapced for preservadoc as fossils, but theit 
near rebdom, the coral-building polyps, which are widely 
spread in the warmer oceans where ree& fringe the coast and 
in deeper water encircle che blue lagoons of coral islands, ace 
some of the most abundant and readily recogiu2able fossils. 
Limestones of the Carhoruferous, Devonian and Silurian periods 
are rid: in corals, both single cups and compact masses, 
broken by waves from Palaeozoic reefs. They, like sea-urchins, 
illurcrace persistence, power to endure and to produce new 
types through successive epochs tepreseadug at least 500 million 
years. 

A less familiar subdivision of large dass whidi includes 
sea-urchins and starfishes is now represented mainly in tropical 
hy the so-called sea-Ulies or crinoids; most of them are 
attached to the sea-floor by a stalk, sometimes several feet long, 
made of a series of small calcareous joints or pbtes supporting 
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at die top an oval ‘calyx’ containlag the body and encircled at 
the upper end by numerous arm-like tentacles, chains of smaller 
limy segments. These animals are exceptionally attractive fossils 
and are striluDg objects on slabs of Jurassic sedimentary beds, 
on which they often form tai^led masses of intertwined slender 
stalks ('encrinites') anchored to the mud and bearing the 
swollen body-cases at the tapered summit. The sea-lilies are 
^sely allied to starfishes and there are now about a dozen kinds 
in deep and warm seas: theic ancestry has been traced to the 
Cambrian period. They were abundant in Palaeozoic and 
especially in Liassic seas. A Mediterranean genus, the feather 
scar (Comaiula) which occurs also on the rocky shores of Prance 
and England, has no stalk in the adult state, but the young 
Comatula is provided with a slender stalk which, as growth 
proceeds, gradually shrinks; the mature animal is a sea-lily 
\^iich has lost its stalk. It is interesting to recall that die first 
sea-lilies discovered were Jurassic fossils and it was not until 
later chat the first living specimens were found oiT the island of 
Martinique. Fossils were known before the discovery of living 
' descendants. 

Enough has been said to give a general idea of the kind of 
infonnadon furnished by fossil aninuls. As the several classes 
are followed through the aeons of geological history great 
difiecences become apparent: many classes have existed wi^out 
more than minor modifications since die Palaeozoic era; others, 
now reduced to a very small company, were formerly much 
more vigorous and more widely scattered; ocher classes, of 
which there is no memorial in the present age, played a leading 
part on land or in the sea in the Mesozoic or Palaeozoic era. 
One outstanding fiicc is clearly demonstrated: travelling back¬ 
wards we see the mammals increasing in number and variety 
in the course of the Tertiary era, and as we descend deeper the 
only examples of d)is now dominant class are a few rare fossils 
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in rocks of the Triassic and Jurassic periods, small creatures 
which it is difficult to realize were the foreruzmen of die hoses 
that were to come. The tcptiles of the modem world are the 
rebdvely small and degraded relics of a much greater company 
that had its roots in the Permian period. Exisdng amphibia had 
ancestors in die forests of the Coal Age. Bach of these classes 
reached its higliest level, as measured by range in form and 
abundance of genera and species, at successive periods of the 
history of the earth. This we know, but despite the wealth of 
material collected from the rocks of many ages, we know 
comparatively little of the steps by which these and other classes 
of the animal kingdom were evolved, the characteristics of their 
remote forbears. 

The records of the rocks, taken as a whole, provide an 
amaan g picture of the moving panorama of life, the rise and 
fell of many dynasties and the endless ferdlicy of the womb of 
Nature; they increase our faith in the doctrine first enunciated 
in its fullness by Darwin, though, when all is said, we are 
conscious of the litde that is known of the manner, the fMJw 
^perandi^ of the forces and infiuences that governed and con¬ 
ditioned the unfolding oflife. Attention was called io Chapter XV 
to a most important discovery, several years ago, by an American 
geologist in the Rocky Mounts of a remarkable assemblage 
of several hundred sorts of Cambrian marine fossils, $ofb 4 :^odied 
animals and others provided with a protective covering ofchiriri 
or some other resistant material. Within an area of 40 ft., 
in beds of shale 7 ft. in thickness, ^6 different genera were 
identified. Genera and spedes of practically all the known 
classes of invertebrates were found in a good state of preserva- 
• Don. and a significant feet is that these Cambrian types are not 
by any means all phmicive and ^ple, but complex and far 
advanced cowards spedalizadon and having the attcibutes of 
o^aoisms in which divinoo of labour had already attained full 
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expression. How far back beyond the hxmts o( the Palaeozoic 
era the chain of lift continued we do not know; we only know 
that if« as we believe, evolution was a gradual process and 
organisms were not created in their completeness, the ancestors 
of the Cambrian animals must have lived earlier still in the 
pr^Cambrian eta and left no memorial. It used to be 
fashionable to construct genealogical trees illustrating m graphic 
form how the vanous classes were supposed to have arisen 
ki branches of a common stock; these trees were rather 
hypothetical than ftctual. Anocher picture of evolutica, and 
probably closer to reality, represents most classes as separate 
and more or less parallel lines, each starting ftom some 
hypothetical simple beginning, and broadening and branching 
as they traverse the geological series, bundles of lines and 
not bnuidtes of a common crunk. The story of evolution is 
not as simple as it has often been described; it is a record 
of fiuctuadOQ, of rapid ascents ftom older cypes small in size 
and ftw in number to a multitude including moustroas animals 
of gigantic size chat seem to be examples of Nature's efforts 
that went awry. Then, as time passed, there followed an equally 
rapid descent often leading to total eclipse, sometimes to a ftw 
diminutive survivals, all that remain to remind us of the glories 
of old time. 

Leaves, stems, ftmts, and seeds and other scraps ftom forests 
of many ages, unconsidcred trifles with others worthy to be 
called jewels of the rocks because of the light they have thrown 
on the history of plant lift, have helped substantially to increase 
our vision and caught us to recognize that in many respects the 
past is the key to the present. How did lift on this planet begin? 
At what stage in the history of die earth were the foundations 
of the living world laid?—are questions which have, long 
quickened the ixnaginatioD and stirred thecuriosiry of biologists. 
Ar^dier question put to Nature is->whkh are older, aniTnaU 
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or plane? Can we follow ^ maieh of evolution of the plant 
kingdom, see dae steps hy whicli one class eme^ed &om anodiei 
oc as a separate line, and recognize among the large number of 
extinct classes and groups examples of connecting links, cransi' 
donal forms of which there is Ikde or no evidence in the plant 
world of the present? To the first question—the origin of lifi^ 
we can never hope to give an answer supported by observed 
&cts. The desire to see beyond the most distant horizon to 
heights invisible to human eyes is a natural ambitian and an 
incentive to man's highest endeavour. Though a satisfying 
answer to the second question may be beyond otsr power, 
biological knowledge us dimly to visualize the course 

of events in the euliec stages of U&’s upward trend. The oldest 
living organisms did not possess the distinctive features now 
associated with animals and plants respectively. Certain very 
fimple microscopic motile oiganisms are assigned to e class 
apart and occupy a sort of neutral certicory, a borderland between 
the two kingdoms. These primitive aquadc organisms may be 
described as links between the present and an inconoervably 
distant past when they were the vanguard of an army equipped 
with boundless potendalides. The third question coven several 
aspects of evolution which, if fiiUy considered, would lead us 
far beyond the reasonable limits of a single chapter. Mention 
was made in an earlier chapter 0/ tite oz^in of the present 
dominant class in the plant kingdom, including the most highly 
spedaiized and most widely spread trees, shrubs and herbaceous 
plants ranging from the smallest herbs to the giant gum-trees 
(Btualyptus) ^ Australia. Flowering plants, as dus cl^ is called 
1 ^ botanists, are represented by many fossils in Tertiary and in 
neatly all Cretaceous sedimentary ro^. They probably secured 
{ ^■'ir present leading position in the first half of the Cretaceous 
period when many of the oldest known spedes difiered very 
little frona exisang types. 
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The arrangement of families in modem systems of classiiica- 
doh of dowering plants is intended to be an e:tpxession of their 
tebdve posidom in order of increasing complexity and elabora¬ 
tion of smicrure; in ocher words, in the order of their evolution. 
^Evidence supplied by exdnct plants has obviously great value 
in confinning or correcemg conclusions based solely on exisdng 
forms. It is therefore important to discover whcdicr or not the 
oldest known Howering plants conform in such characters as 
are found in them to chose possessed by living spedcs believed 
to be relauvely primitive. It is not possible deEiiirely to assert 
chat any one genus is the most ancient of its class, but it can at 
least be said chat the history of the genus CercidipkyUutn has 
been traced as far into the past as that of any other flowering 
plant. Ctrcidipkyllum b a tree widely distributed in Japan and 
in mountain valleys in some parts of China: specunens may be 
seen in some English gardens and arboreta where the tree is 
grown for the sakd of its most atetaedve autumnal colouring. 
This Far Eastern tree, now restricted to Japan and China, lived 
in early Cretaceous forests in North America, Europe and some 
hundreds of miles north of the Arcdc Circle. Excepdonally 
well-preserved leaves, in addition to a few fruits and the 
characteristic small winged seeds, have been found in Eocene 
(early Tertiary) beds in the island of Mull as well as in Tertiary 
deposits in Nordi America. CercidiphyHum is one of a small 
number of flowering plants obtained &om the oldest rocks of 
the Cretaceous period. It is usually regarded by botanists as 
one of the more primitive genera and is placed in a special 
family by itself because of its isolated position in die present 
vacation of the world. Here there is a double reason for 
speaking of CerddiphyUum as the most impressive link with the 
past—its proved antiquity and its primitive features which 
distinguish it foom odicr living genera. It is one of many trees, 
now conflned to the Far East, which once ranged over a far- 
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flung territory in North America, Europe and Arctic regions. 
In the light of these facts, the brilliance of die leaves at the ^ 
of the year may almost be described as a reflection of the golden 
age of a ^mily now reduced to a single type, but millions of 
yean before the birth of the human race represented by several 
closely related species in the western world. 

The genus MngncUa, widely distributed on two sides of the 
Pacifle Ocean, along the Himalayas, in China, Japan, Malaya, 
in Central and North America, is another primitive type which, 
though not as yetprovedto be as old as Cercidiphylium, flourished 
in Cretaceous and Tertiary forests in Arctic and temperate 
regions, in North America and Europe. The extinct species of 
this and ocher gsiera do not provide clues to the source whence 
they sprai^: their ancestral history is one of many unsolved 
problems, but one positive result of researches into the geological 
history of plants is a gready enlarged view and a better ondcr- 
standing of geographical distribution. Many plants are conflned 
to a comparativdy restricted area on the present surface of the 
earth; others ate known to occur over wide spaces in both the 
Northern and the Southern Hemispheres, and the large size of 
their territory might be interpreted as evidence of greater 
antiquity because the longer a genus or species has existed the 
more opportunity fliere has been for wanderii^ over an in¬ 
creasingly large area. This view has been strongly advocated 
and supported by a formidable array of statistics, but when the 
^cs of present distr^utional areas are supplemented by data 
gathered £rom the rocks, it becomes apparent that the present 
range of plants is, by itself, untrusiwordiy as a guide to age. 
Restricted distribution is in many instances a mark of andquity, 
and of loss of vigoiu, in contrast to greater vigour, and a much 
wider area of occupatioa, in former periods, as we have seen 
in the history of Cerddiphyllum, which is only one of many 
arnilar examples illustradi^ the importance of viewing present 
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distribution in the light of the past. Additional examples axe 
supplied by several conifen and feens: the redwoods and mam¬ 
moth trees of Califoicia, the Malayan Matonia, 

the Malayan and Indian fem Dipteris, which in recent years has 
at last been persuaded to grow in the fem-house at Kew, are all 
planes now confned within narrow geographical boundaries, 
but formerly almost cosmopolitan. 

Belief in evolution carries with it acceptance of Dac win’s view 
that each species of animal and plane began its life at one pbee, 
the place of its birth, and thence, in course of time, occupied 
a gcaduaUy enlacing territory. In ocher words, we believe in 
single centres of creation, and not in die sudden appearance of 
the same spedes in widely separated places. The late Professor 
Huxley put the case against special creation with his accustomed 
uacisiveness: he said, *If you believe in special creation, you 
must not be surprised if lookup out of your window some 
morning, you see a brand new animal dtdng on die lawn’. 
When die same spedes of crilobitc, graptoHtc, or odier animal 
of the sea is recorded from regions as remote from one another 
as North America. Buropc, and Australia, we diink of long 
voy^es made in some instances pardy by the animals them¬ 
selves, and always witli the help of ocean currents, and we are 
thus able to grasp the implicadon of tremendous periods of 
time. But with sedentary plants the position is very didcrent. 
Some £oweTif^ plants, ferns and cluh-mosses are known to 
occur in Arctic regions, in the temperate zone of the North and 
South Hemispheres, and we express this £ict by speaking of 
thdr migration over vast spaces. Migration, when apf^ed to 
plants bddng the power of independent movement, may be 
regarded as roughly analogous to hitch-hiking; they are con¬ 
veyed by external agents, wind carrying seeds and fruits pro¬ 
vided with wings, or well adapted to aerial transport by dieir 
small size and lightness; birds and other animals consciously or 
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uncoludotjsly supplying means of transport; ocean ctinenw and 
otliet aids to travel. Information on rates of migracioa is soil 
meagre, and addidoual data, not very difficult to obtain, would 
be welcome. Some years ago a botanist made observadom on 
the race of travel of the fruits of a tropical tree (Skcrea): tius 
tree does not produce flowers undl it has rea<dxed a height of 
about 30 ft., and this is in approximately 30 years. The fruits 
have three large wings, and can be dispersed by wind as friey 
slowly fall: some were tbund 100 yards from the parent tree. 
If any of them germinated in the new locality, it would be 
30 years before the next stage in die Journey could be under¬ 
taken: this meam that Shorea, in favourable circumstances, could 
travel 300 yards in 100 years, or too miles in 58,6^^ years. The 
winged seeds of a Scots pine (P/nw sylvestris) have been picked 
up at a distance of more than 800 yards from the parent tree, 
and, assuming that the seeds were still able to germinate, diis 
is an example of more rapid travelling. Migration measured 
by out limited standards is at best an extremely slow process. 

Knowledge of andeot floras has raised several very difficult 
problems connected with cHmadc contrasts between the present 
and the past Two examples must suffice: in the early part of 
the Tertiary era, dae vegetation in Arctic regions, as fri nordi 
as lat. 80^ N., was very dtflerent from that at the present day. 
In place of arctic herbaceous plants and a few stunted willows 
and birches, there were forests in which many trees, including 
oaks, planes, CerdiJiphyllum, several conifers, ftros, 

and other plants, played a prominent part. 

One of the most impressive instances of the difficult and, k 
would appear, almost insoluble problems raised by fossil plants 
in r el ation to climatic conditions in the past has been furuished 
by Professor T. M. Haros of Reading. The frets are briefly as 
follows: several years ago a large collecdon of fossil plants was 
described from Rhaedc rocks in Scania, the southernmost pro- 
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vince of Sweden; it was a rich £ora, including many ferns, 
conii^s, and ocher plants, but no flowcimg plants. More 
recently Professor Harris made a still larger coUccrion during 
a long visit to eastern Greenland, in the ice-boond district of 
Scoresby Sound, where, under an extreme arctic climate, only 
a few stunted plants axe able to exist. Nothing could be more 
striking than the contrast between the present Horas of eastern 
Greenland and southern Sweden. The fossil plants of die 
Scoresby Sound district are of the same age as diose from 
Scania, and demonstrate the former existence of a v^etation 
even richer and more varied than the contemporary vegetation 
of southern Sweden. A luxuriant and uniform vegetation 
occupied an area stretching from Cental Germany to southern 
Sweden, and a thousand miles ferther north beyond lac. 70*^ N. 
The fossils from these widely separated localities give no indica- 
don of any such change in the plant communities as we should 
es^ect and as we find when we contrast arcdc and temperate 
£oras in the modem world. It is possible that a due to the 
solution of this, and rimilar problems, may be found in the 
theory of drifdng continents, mentioned in Chapter ii- There 
is another coosideraden relevant to the employment of fossil 
plants as tests of climate in former ages, whidi may be illustrated 
by this quesdou: one asks whether it isJusdEable to assume that 
the former presence of plants in Arcdc regions, closely related 
to species now characteristic of warm temperate or even semi- 
tropical countries, necessarily implies that the dimacc was 
ibtmetly the same, or nearly the sanae, as that of the regions 
where the modem descendants of the exdnct spedes are now 
most at home? This quesdon is usually answered in the afirma- 
dve, but a less orthodox view is perhaps worth stating. It is at 
least safe to say that the climate of Arcdc r^ions was in earlier 
stages of geological history definfrely warmer than it is to-day, 
not only in the Tadary en, but, as die evidence of fossils 
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proves, in Mesozoic and Palaeozoic periods. Ic is, however, by 
no means certain thaf the average temperature was as high as 
the present geographical distribution of the living relatives of 
exdnct arctic spedes would seem to suggest. The reaction of a 
plant belongiog to a genus which we know was in existence ac 
least 80 or 100 million years ago is not necessarily the same as 
the reaction of its nearest living relatives to conditions 

in earlier ages. The constitution of a plant—its sensibility to 
external influences—may well be a variable quality whicli suffers 
a change, a deterioration accompanying senility and loss of 
v^our. Ic does not follow chat plants can be used as accurate 
thermometers of the ages. In the heyday of its youth a genus or 
a flimily may well have been much more tolerant of fluctuation 
in temperatures and unfavourable conditions chan are their 
en&ebled descendants. 

Not far flrom Cairo die sur^ce of the Libyan desert is strewn 
with broken pieces ofpecrifled steins of broad-leaved trees that 
had been embedded in sandy rocks, and by reason of their 
greater hardness withstood destruction by erosion. An even 
more impressive occurrence of la^e trunks of trees, their tissues 
transformed into jasper, chalcedony, and ocher flinty marerial, 
is the wdl* 4 aiown p etrifi ed Triassic forest in Arizona which, 
like die Libyan trees, is reminiscent of days when ‘rivers ran 
in dry places’. 

Turning to naked-seeded trees we find thrir history goes back 
CO much older periods. The oldest known conifers, for example, 
differ coo widely tiom any living species to be assigned to the 
same genus: unfortunately none of the extbet plants have 
enabled us to see clearly die road leading to ancestors of a more 
primitive type. Conifers of many kinds, some closely related 
CO living trees, others of a type long since extina, were abundant 
in Jurassic forests, and several were in existence in much earlier 
ages. The genus Araucaria, now contined to South America, 
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Australia, New Guinea, New Caledonia and a few other Pad£c 
islands, had a wide gec^raphical range in the Jurassic period in 
the Northern Hemisphere, including England. Another much 
smaller group of naked-seeded plants—the Cycads—is of great 
interest from an evolutionary point of view. Cycads, or as 
some of them are called 'sago palms’» are a small company 
almost confned eo the tropics; the most abundant genus, Cytaf, 
has a stem super^ally resembling the columnar sunk of certain 
palms supporting a crown of long leaves bearing a double row 
of reladvely loi^ and narrow leaflets. The largest Cycads are 
African and have fronds several feet long: good spccunens of this 
group may be seen in the tropical house in che Poyal Botanic 
Gardens, Eew. Cycads axe now sparsely scattered and are never 
conspicuous futures of the vegeution; they occupy an isolated 
poadoQ in the plant kingdom. Many fossils &om Jurassic and 
early Cretaceous rocks in temperate regions have been described 
as Cycads; the stems and leaves of these exdncC plants agree 
closely with those of living genera, but their fertile shoots^the 
male and female organs—are, most of them, poles asunder from 
any existing reproductive structures. Two facts of special signi¬ 
ficance are: (i) the fbsnl Cycads, as they are called, were very 
much more widely distributed and much more numerous chan 
existing Cycads; and the fossil forms diflered considerably 
&om true Cycads of the present day in the plan of their 
reproductive organs, although in other respects they were very 
similar. On che other hand, some fossils exhibit a closer approach 
to living genera: die great majority of the fossils which it is 
customary to call Cycads are placed In a special group which 
has long been exdnct The pcoitunent posidon and wide geo¬ 
graphical rai^e of these extinct plants in the latter part of the 
Me$02oic era is comparable to che posidon then held by extinct 
families of repdles. The Ternary era is often called the age of 
mammals and the age of Howedng plants, so the latter parr of 
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che Mesozoic en is called the age of repdles and the age of 
Cycads, that is, a gcoup of plants superficially icsemblii^ hring 
Cycads hut distinguished by ckaiactcK whi^ hare the greatest 
weight as evidence of affinity. 

The large class of naked-seeded plants (Gymnospenns) in¬ 
cludes, in addition to conifers and Cycads, another group which 
has now only one represenudve, the maidenhair tree. Ginkgo 
Uloha. It is probably true to say that Ginkgo is the oldest tree 
in the world in the sense of length of years covered by its long 
line of predecessors of the same group. The maide^air tree 
was formerly allocated to the family of conifers of which the 
best known member is the yew (Taxur), but it was subseqocndy 
removed to a group apart—the Ginkgo alliance—because of foe 
discovery of certain peculiar and primitive characters- Several 
kinds of fossU plants from Jurassic and Cretaceous rocks were 
found to be more or less closely allied to Ginkgo and they 
afibrded evidence of the world-wide distribudon of eke group 
in former ages. The maidenhair tree is often described as a 
‘living fossU’, known only in culdvadon; a tree which, had it 
not been carefully tended by man in China and Japan and 
venerated for certain supposed miraculous powers, would now 
be unknown in life. Some years ago a Chinese botanist stated 
diac he seen specimens growing naturally in forests in 
eastern China; be this as it may, China was no doubt its last 
home t^ere it retained a hold on life and found a refuge as the 
sole survivor of a line all the other members of which had long 
been exdncL Leaves and a few seeds of many plants of foe 
Ginkgo stock have been recorded from Tertiary, Cretaceous, 
Jurassic and Triassic rocks in nearly all parts of the world. A few 
leaves from still older rocks of Palaeozoic age are possfoly, 
chough not certainly, the foliage of related trees. The date of 
the &%t appearance of this once floucishii^ and far-fiung group 
cannot be fixed mch any preemon. Gfnh^o itself lived on the 


TH£ PROCESSION OP LIPS 


296 

txdy Tcrcbry condnoic which extended from Poke regions to 
ncith-westem Europe, and iesfotebears, with ocher closely allied 
types, were abundant in the forests of North America, Europe, 
South America, South A&ica, and Australia, in the Thassic, 
Jurassic, and Cretaceous periods. By the end of the Tertiary 
era was the only genus left in Europe; it was doubtless 
driven eastwards by unfavourable climatic conditions during 
the fee Age, and at length readied the Far East, where it remains 
as a sym^l of persistence, almost a symbol of eternity. 

The geologic^ history of plants and animals, though it fails 
to satisfy the demand for the elusive missing links, demonstrates 
the rise and fall of many classes or groups, wluch after long 
periods of successful development, as measured by tlie pro¬ 
duction of new types and wanderings over broad spaces, passed 
completely, ot in some instances almost completely, into 
oblivion. On the other hand, some of the common and little 
regarded plants on our British moorlands and hills are among 
the most ancient membets of the vegetable kingdom, relies 
from the Palaeozoic era. Two living genera, Seh^inella, a rela¬ 
tively small plant chiefly tropical in distribution and represented 
by a single species, the prickly club-moss, an ally of Lyeopodium 
the ordinary club-moss but not related to true mosses, occa¬ 
sionally seen on the hilU and bogs of Scotland, Wales, and the 
lake X)istrict, and the genus Equisetum (honetails), arc among 
the oldest of all living plants. Equisetum has a wide distribution 
in Arctic lands, and in the temperate zone of botii hemispheres. 
Fossils discovered among the debris of the Palaeozoic forests of 
tile Coal Age show an amaring resemblance to tiaose genera, 
both of which belong to groups wluch long ago included a 
large and varied assortment of trees very much larger and more 
complex in structure than any of the diminutive survivals. These. 
and other races of plants illustrate the truth of the general state¬ 
ment based on the exploration of records of life scattered 
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through tlie geological series, that the course of evolution has 
not followed a contmuous upward trend from simple to less 
simple and increasingly more elaborate forms; it has also been 
retrogressive. Onward and upward, and occasionally down¬ 
ward, through long periods, is a ftir descripcioa of the fluc¬ 
tuating and uneven process of development from age to age. 

The oldest known plants in the world, apart a few 
rather more ancient and fragmentary remains of seaweedsi have 
been described from Silurian beds in Australia; they arc very 
similar in the plan of construction to plants previously found in 
early Devonian rocks in Scotland, Germany, and several other 
countries. Heforcnce was made to these fossils in Cbapter xv 
and little more need be said here. They are assigned to extinct 
groups of which it is probable no direct desc^ancs survive. 
One of the Siltiriait plants, the largest of them, is known from 
stems about 2 ^ in. in diameter, occasionally forked and provided 
with crowded, long and nanow leaves up to in. in length, 
like blades of grass, and it is signifleant that at the base of some 
of foe leaves were borne capsules containing spores. This genus 
(Beragwanalkia afrer Mr Baragwanath, foe discoverer of the 
fbs^), so far as it is possible to describe it from the available 
material, reminds one of a foirly common club-moss (Lyeo- 
podium selago) familiar to anyone who has noticed the low-lying 
vegetation on moorland and mountains, a species of unusually 
wide range from Arctic regions, deep into the Southern Hemi¬ 
sphere. It is not improbable chat the Silurian genus may be a 
distant connesdon of our club-iuosses. Another plant, Zosters 
phyllum, which lived in the latter part of foe Silurian period, 
and in foe early part of foe Devonian period, was not more than 
about 6 or 8 in. high; its short stem bore a tufr of leafless narrow 
branches, to some of which, near the tips, were attached 
kidney-shaped spore<ases, containing spores suitable for dis¬ 
persal by wind. Zcstcrophyllum, with others of the oldest known 
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laad plants, had neither roots nor leaves; it cannot be closely 
compared with any genus in the present age. Though in some 
respects a prunitive type, its oigatuzatioQ is not as simple as 
might be expected; diere can be no doubt it, and its associates, 
were descendants o£ suU more ancient ancestors of which 
nothing is known. We have no knowledge o£ the vegetation 
which grew on Ordovidan and Cambrian lands. No trees have 
been found in the older Palaeozoic plant beds: the pcobability 
is that several of the plants were only partially cenestrial, and 
were able to grow in shallow water. Possibly they were pioneers 
of a land flora, and in an earlier age were represented by ampler 
types living in the sea, but this is pure speculation. 

There is a possibility that the genera Sela^nella and Equisttum, 
described as two of the mote ancient living plants, may have 
to ^ve place to a less familiar plant, Pn/efum, one of two tropical 
and suWfopical genera formerly classed witii the club-mosses, 
and now placed in a group of their own, ftfierwm, grown under 
in botanical gardens, ranges from Florida to New Zealand 
and Japan; it is from ^ to a ft- id height, its slender, angular 
stems are tq}eatediy forked and bear minute, hardly visible 
4cale-like leaves, and small orange-coloured spore-capsules; it 
has no roots. Many of the oldest known fossil plants from 
Devonian and Silurian rocks have been compared with ft/Jo/wm: 
there are important differences, and there are also resemblances 
which may mean distant relationship. If Psihtum, which now 
occupies an isolated and detached position with no near relatives 
except its one much rarer companion {Tmesipleris of New 
Zealand), is entitied to be considered a possible link witii a 
group of Devonian and Silurian plants separated from the 
present day by 400 million years, it is surprising that no fossils 
are known fr^ rocks later than Devonian which aHbrd evi> 
dcnce of affinity to this frint reflection of the oldest known 
members of a land flora. The oldest plants of the land so frr 
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discovered are samples of a vegeeaoon at a locality near die 
sea-coast; die remains were found in a marine sediment. There 
must have been other plants in the hintecland, but of them we 
are completely ignorant 

Two additional examples of plants chat have a special claim 
CO be called survivals are worthy of mention- Many people 
are familiar, at least by sight, with the gieen plants called 
by botanists liverwcris, allies of mosses i a common form, abun¬ 
dant on garden paths and the damp surface of walls, is an inch 
or two in la^i, consbdng of a repeatedly forked flat body; 
other forms are erect, and the body consists of a thread-lilx 
stem bcaringverydcUcace, minute leaves, tiverworcs are known 
to have lived in the forests of the Coal Age, and good examples 
of bodi flat, leafless species and leafy speciee have been described 
by Professor Walton of (^gow; they difier hardly at all in 
general appearance and smictuie from some exbdng genera. 
A brief account of a Rhaecic liverwort was given in Chapter vi. 

Little has been said in earlier chapten of the past history of 
the large class A%ae, char is, seaweeds as well as feesh-wacer 
plants and some that live on land. Seaweeds, comparable with 
living genera, Eved in Cambrian seas and in seas of all ages. 
Perhaps die most remarkable example of an onanism whirij has 
eidsted with no recognizable modificadon in all probability 
from the Ordovidan period and certainly from the Carboni¬ 
ferous period until the present day is a very small alga called 
Bctryccoceus braunii. This simple plant deserves special treatment 
as a type chat condnued its course through the ages, retaining 
apparently its vigour obEvious & the passage of aeons of ciine, 
an amazing emblem of unalcerabihry and endurance. Beoyo- 
CMCus hraunii has been found in temperate and miplcal countries^ 
practically all the world over; it usually lives in fresh-watet 
and ditches, and sometunes in the sea. With many other 
Algae it occurs in the floating, microscopic vacation on 
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Wiftdcrmcre and nxany odier lakes; its coJouf varies from green 
to orange. An incercsting peculiarity is its habit of exuding 
drops of oil; it is an oil-ptodudng plant. Another quality is its 
ability to live through periods of desiccation, and it is occa- 
sionally found on land. B^tryococcus consists of minute pear- 
shaped cells more or less reguh^ly disposed in radially arranged 
rows embedded in a transparent framework secreted by the 
living cells. These groups of cells, with this encasement, ate 
spoken of as colonies and are ofoen approximately spherical, 
^ch cell is enclosed in a waterproof thimble-shaped cup, and 
this is very resistant to decay. In many places masses of colonies 
consisting of the framework have been found as pieces or layers 
of sdeky black jelly of a rubber-hke texture, and remains of the 
alga are recorded foom beds of peat, the mud of lakes and on the 
slmres of lakes and lagoons, as in the district of Coorong, near 
Adelaide in South Australia. The plant multiplies in the simplest 
way by division of eadi cell into two: this is the only method 
of reproduction so for discovered. Now let us sec what evidence 
there is of the anciqmcy claimed for Botryococcusi fbsdl Algae, 
closely allied to the living species, are known from Ordovician 
and ocher rocks of the earlier part of the Palaeozoic era, but 
much more artendon has hem paid to Algae of this type from 
Carboniferous rocks. Nearly a century ago a sort of cannel 
coal called Boghead and Torbanite, from the places Boghead 
and Torbane Hill in the Midland Valley of Scotland, not for 
from Bdinbu^, was used as a source of gas and paraffin: some 
years later, this material was examined microscopically and it 
was seen to consist largely of small yellow bodies which, on 
high xnagniHcadon, stood our conspioiously as yellow or 
sherry-colouied spots in a dark ground. In rSS^, Sir T. Edge- 
worth David, Professor of Geology at Sydney, noticed pre¬ 
cisely similar yellow bodies in some oil shales in New S9Uth 
Wales, known as kerosene shale, and he was the £rst to suggest 



THS :PKQCfi5SI0K OF L!FB 3 OX 

die possibility of cheic algal nature. But, dopite the het that 
the yellow bodies' in the AustraliaQ kecosene and the 
Boghead of Scotland showed what appeared to be a cellular 
structure resembling that of some Algae, there was general 
scepticism about the botanical nature of the bodies, chiefly 
because it seemed very improbable that such delicate structures 
could be preserved. A long controversy was kept up for many 
years—arc the yellow bodies plants or are diey resinous deposis 
which have assumed a structure simulating plant cells ? In 1:914, 
a Russian geologist compared the yellow bodies with the alga 
Botryocouus, and expressed the opinion that the yellow bodies 
which had meanwhile been described as extinct A^ae and given 
special names, were in reality (bssil colonies of the living alga. 
Dt Kathleen Blackburn and Dr Temperley, in a paper published 
in die Transactions of the Royal Society of Edinburgh in 1936, 
made out a convincii^ case in support of the practical Identity 
of the Carboniferous fossils, and the Uving Botryococens hraunii. 

It should be added that this alga has also been <^overed in 
Rhaedc beds as well as in rocks of later periods. Botryococcus 
may be described as a plant diat is heir of all the ages, a product 
of evolution that came into eadstence at an early stage in die 
development of the vegetable kingdom, and followed the even 
tenor of its way, changeless in a world of ceaseless change. It 
may have been an early stage in the upward process to higher 
and h^hec forms of plants, but be diis as it may, the hvii^ 
BotryocMcus speaks to us as an e^o from a world in its early 
youth, and bridges a gap measured by some hundreds of millions 
ofyears- 

^ough has been said to show diat die plant records of die 
rocks offer an attractive line ofenqmry which has already been 
fhiicfljl in results; it is a branch of bonnical and geological 
sdcace well worthy of study by naturalists whose interest in ' 
plants is not limited to the age in which we live. The best chat 
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can be off^ed is a very imperfect pkcure of die past, but none 
the less a picture of surpasdi^ interest despite, or perhaps 
because of its imperfections. Mas, whose days ace ‘as it were 
a span is privil^ed to read the tattered pages of Nature's 
story-book. As Lucias said searly i8oo yean ago: 

The world is fleeting; all things pass away; 

Or is it we that pass and they that stay? 

The manner of unfolding of life remains a mystery: the 
theoty of Natural Selection, as formulated by Darwin and by 
WalJace, so loiter £nds favour with many biologists; but, 
whether or not it will be reaflirmed or abandoned, the central 
concepticps of evolution remains as an article of belief in the 
naturalist's creed. The memorable and familiar words wid:i 
which Darwin concluded his greatest work have not lost their 
force; theix nobility and simplicity are a fitting profession of 
feith by one of the greatest thinken and nobleat characters of 
the Victorian era: 

Thus, feom the war of Nature, from famine and death, the 
most exalted object which we are capable of conceiving, namely 
dae production of the liigher animals, directly follows. There 
is grandeur in this view of life, with its several powers, having 
hm breathed into a few forms or into cue; and that, whilst 
this planet has gone cycling on according to the feted law of' 
gravity, from so simple a bcginnii^ endless forms most beautiful 
and most wonderful, have been and are bcu^ evolved. 
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